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1.0 Introduction 

This Interim Measure (IM) Work Plan for the North and South Sheetpiles in the Building 2-10 
Area (Area of Concern [AOC] 2-10.3A and AOC 2-10.4A) has been prepared on behalf of The 
Boeing Company (Boeing) to further remedial activities at Boeing Plant 2 in Seattle/Tukwila, 
Washington. This IM Work Plan has been prepared and the IM will be implemented under the 
Resource Conservation and Recovery Act (RCRA) Administrative Order on Consent, dated 
January 18, 1994, between Boeing and the U.S. Environmental Protection Agency (USEPA) 
Region 10 ([RCRA Docket No. 1092-01-22-3008[(h]). 

Boeing plans to implement IMs for areas associated with the North and South (N/S) Sheetpiles 
in the 2-10 Building. A significant amount of characterization data has been collected in the 
areas in and around the 2-10 N/S Sheetpiles; however, much of the groundwater data are more 
than 7 years old and not appropriate in designing new IMs. This Work Plan (Phase 1: Data 
Collection) defines the objectives and procedures for additional data collection that is necessary 
for technology selection, design, and implementation of IMs at the 2-10 N/S Sheetpiles. A 
second Work Plan (Phase 2: IM Design and Implementation) will be submitted for approval and 
implementation once the IMs have been selected; that plan will summarize the data collected 
under this Work Plan and propose an IM for each sheetpile. It is anticipated that the same IM 
design will be applied to each sheetpile; however, it is possible different IM designs may be 
proposed for each sheetpile if indicated by the data collected under this Phase 1 plan. 

1.1 FACILITY LOCATION AND BACKGROUND 

Plant 2 is located on approximately 107 acres between the Duwamish Waterway and East 
Marginal Way South, in Seattle/Tukwila, Washington. The general location of Plant 2 is shown 
on Figure 1.1. Plant 2 began operating in 1936 and contains numerous manufacturing and 
process buildings related to aircraft fabrication. Plant 2 continues to support aerospace 
manufacturing. Figure 1.2 presents the location of the 2-10 Area, the N/S Sheetpile locations, 
and other features in the 2-10 Area.  

The Plant 2 area lies within the Duwamish Valley. The hydrogeologic setting is an alluvial basin 
between bounding uplands to the east and west. In the local area, the aquifer within the alluvial 
valley flows in a westerly direction towards, and discharges to, the Duwamish Waterway. A 
general description of the site hydrogeology and summary of previous investigations is 
presented in the RCRA Facility Investigation Groundwater Investigation Interim Report, dated 
January 1996 (Weston 1996). 

The 2-10 Building, one of the larger buildings at Plant 2, is located adjacent to the shoreline 
north of the 16th Avenue Bridge. Boeing’s present use of the 2-10 Building is storage with some 
parts machining and handling in support of aircraft design and testing. Future planned uses 
include conversion of areas devoted to storage to additional active manufacturing. Renovations 
may include construction of additional machine foundations and desk stations for staff 
supporting operations.  
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Past work identified chlorinated solvents in soil and groundwater in some areas beneath the 
2-10 Building that require remedial action. Expanding active uses in the building will impose 
access constraints for the required site investigation work and any corrective actions required. 
Accordingly, work to select, design, and implement any necessary remedial actions associated 
with the N/S Sheetpile areas is being expedited through the preparation and submittal of this 
Work Plan and approach. The manner in which Boeing intends to coordinate this work with 
other actions planned for the 2-10 Building and the surrounding 2-10 Area is addressed below. 

1.2 OBJECTIVE AND COORDINATION OF PLANNED INTERIM MEASURES 

1.2.1 Objective of the Interim Measures 

The objective of the IMs is to remove (or destroy through degradation) the mass of solvent 
contamination within the vadose zone enclosed by the sheetpiles and in groundwater within and 
downgradient of the N/S Sheetpile areas of the 2-10 Building. Final cleanup levels have not 
been established for Plant 2 at this time. As an IM, this work is not intended to be a final 
remedy; therefore, the IM can proceed even though cleanup levels have not been finalized as 
has been the case for IMs at other locations at Plant 2. The Corrective Measures Study (CMS) 
for the 2-10 Area will evaluate whether additional work needs to be performed after the IM in 
order to complete corrective action for all media. The goals of the IMs are to: 

 destroy or remove contaminant mass in order to decrease the residual contamination 
in the source area, and 

 gather performance data from the mass removal IMs that will be useful in evaluating 
technologies and post-IM conditions for the CMS. 

1.2.2 Objective of the Phase 1 Data Collection 

Before the IMs can be designed or implemented, additional data needs to be collected to define 
current conditions. Specifically, the goals of the Phase 1 Data Collection effort are as follows: 

 Collect soil and groundwater data to define the current nature and extent of solvent 
contamination in the source area, including any non-aqueous phase liquids that may 
be present. 

 Collect soil gas data to use in combination with indoor air data being collected under 
the Vapor Intrusion Sampling Work Plan to assess the current potential for vapor 
intrusion into the 2-10 Building (refer to Section 1.2.3). 

Two remedial technologies have been identified as the likely candidate remedies that may be 
implemented for one or both 2-10 Building Sheetpile IMs: soil vapor extraction (SVE) for treating 
volatile organic compounds (VOCs) in vadose zone soils, and enhanced reductive 
dechlorination (ERD) for treating VOCs in groundwater and saturated soils. These technologies 
have been implemented successfully at other areas of Plant 2 with similar contamination and 
conditions. SVE and ERD are currently considered the most likely IM technologies; however, 
data collected during Phase 1 will be used to confirm or correct that assumption. Other 
technologies briefly considered for VOCs in vadose zone soils included containment (as 
implemented in 1993/1994) and excavation. USEPA has designated SVE as a presumptive 
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remedy for VOCs in soil and the site conditions (VOCs in vadose zone soils) are well suited to 
this technology (USEPA 1996). Other technologies briefly considered for VOCs in groundwater 
included containment (as implemented in 1993/1994), in-well stripping, and in-situ chemical 
oxidation. Boeing has implemented these technologies, along with ERD, at other sites with very 
similar contamination and geochemical conditions in the Duwamish Valley. ERD is being 
proposed as a candidate technology to address VOCs in groundwater for both of the 2-10 
Building Sheetpile IMs.   

1.2.3 Coordination with Indoor Air Sampling 

Site conditions and chemicals detected indicate the potential for vapor intrusion in the 2-10 
Building, and Boeing has determined that indoor air sampling is warranted at this time given the 
changing use of the building. The indoor air data will be used to identify any necessary IMs 
and/or engineering controls in order to meet the requirements for worker exposure. The indoor 
air data is being collected as part of the Work Plan for Vapor Intrusion Sampling, Building 2-10 
(Golder 2008), which is being submitted concurrently for USEPA review and approval. Boeing 
intends that field work for the indoor air sampling and for the soil gas survey in this study will 
occur at approximately the same time. 

1.3 COORDINATION WITH 2-10 AREA DATA GAPS INVESTIGATION 

The sampling described in this Work Plan is solely focused on data required to support the IM 
objectives for the N/S Sheetpiles in the 2-10 Building and data needed to complete a broader 
solvent data gap investigation specific to the 2-10 Building. Submittal at this time in conjunction 
with the Indoor Air Sampling Work Plan is intended to assure their expedited and integrated 
implementation. Furthermore, this work is intended to be conducted independent of but in a 
parallel, integrated manner to the larger Data Gaps Investigation (DGI) for the 2-10 Area, which 
is nearing completion and submittal. Given improvements to this 2-10 Building-specific Work 
Plan to address USEPA comments, it is expected that the 2-10 Area DGI Work Plan, which was 
submitted to USEPA in December 2008, will require some refinement to fully integrate and link 
the two plans. 

Soil and groundwater sampling and analysis of constituents of concern (COCs) in this IM Work 
Plan will use methods, procedures, and analyses consistent with those proposed in the 2-10 
Area DGI Work Plan. Where appropriate, i.e., for the target COCs in this IM, the data collected 
herein will be used to satisfy corresponding data needs specific to the 2-10 Building, as part of 
the larger 2-10 Area DGI.  

1.4 WORK PLAN ORGANIZATION 

This Work Plan is organized as follows: 

 Section 1.0: Introduction 

 Section 2.0: Site Background Information and Data Needs Assessment 

 Section 3.0: Planned Sampling to Support Interim Measures at the 2-10 Area N/S 
Sheetpiles 
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 Section 4.0: Reporting and Schedule 

 Section 5.0: References 

 Appendix A: Synopsis of Historical Sampling from Prior Investigations near the North 
and South Sheetpiles 

 Appendix B: Sampling and Analysis Plan (including Standard Operating Procedures 
as an attachment to the SAP) 

 Appendix C: Health and Safety Plan 
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2.0 Site Background Information and Data Needs Assessment 

The purpose of this section is to describe the CSM, data quality objectives (DQOs), and data 
needs required for IM design and implementation. A brief summary of the degreasing units that 
were the source of VOC releases in the immediate area(s), existing hydrogeologic information, 
and water chemistry data is also included in order to provide an appropriate context for the 
CSM. 

2.1 VAPOR DEGREASERS 

Virtually all metal working industries (working, forming, plating, or welding of metals) apply a 
surface coating to the metals as part of the manufacturing process. Examples include a cutting 
oil used with a lathe or a grease/other surface coating used for corrosion protection. The coating 
material must then be cleaned for subsequent manufacturing steps. Vapor degreasing is a 
metal cleaning process used for both precision and general cleaning of metals that started in the 
early 1930s and remains widely used today. 

Vapor degreasing is a physical method of removing solvent-soluble coatings and other solids 
trapped on metal, glass, and other objects by bringing the soiled article, which is at ambient 
temperature, in contact with hot solvent vapor (ASTM 1962). The hot solvent vapor condenses 
on the colder article to form a liquid flow that cleans the article as the solvent drains by gravity. 
Vapor degreasing has historically used halogenated solvents (usually perchloroethylene, 
trichloroethylene, or 1,1,1-trichloroethane) because they have desirable qualities such as they 
are not flammable and their vapors are much heavier than air. Parts to be cleaned are 
immersed in the hot vapor zone (with the parts initially at ambient temperature), and 
condensation continues until they are heated up to the vapor temperature. Parts may be solely 
cleaned by the condensation/dripping process or cleaning may be augmented with a spray or 
immersion step. 

A typical vapor degreaser consists of a tank heated to generate solvent vapors (refer to Figure 
2.1), an open-topped chamber to contain the heated vapors above the tank, a system to 
condense the vapors, and a system of racks or baskets to hold the parts to be cleaned 
(Woodard & Curran 2006). The height of the solvent vapors is controlled by condenser coils 
and/or a water jacket encircling the device. Solvent and ambient moisture are condensed on the 
upper coils to control vapor emissions. Water commonly enters a vapor degreaser system from 
several sources including (1) condensation noted above, (2) moisture on the parts being 
cleaned, (3) steam or cooling water leaks, and (4) water-soluble cutting oils (Kanegsberg 2001). 
Water mixed with the cleaning solvent has the undesirable characteristic that it can form an 
azeotrope1. These conditions can cause increased equipment corrosion, increased vapor 
losses, and decreased solvent life. 

                                                 
1  A mixture of two or more liquids in a ratio that is not changed in distillation. When boiled, the resulting vapor has 

the same ratio of constituents as the original mixture and the boiling temperature of the mixture may be either 
increased or decreased from the initial liquids. 
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As a result of the conditions noted above, nearly all vapor degreasers are equipped with a water 
separator to extend the life of the cleaning solvent (USEPA 1995). The water separator allows 
the recovery of the solvent and also generates a waste-water stream that is saturated with the 
cleaning solvent (i.e., water with a dissolved concentration at the trichloroethene [TCE] solubility 
limit). A typical layout/flow diagram of a vapor degreaser is shown in Figure 2.1. Many vapor 
degreasers are installed in a pit so that the work area (for placing and removing parts) is at a 
convenient work height (or the work area is surrounded by an elevated decking for access). The 
spent solvent can be reclaimed by distillation that is usually completed in a separate recovery 
still. Oil, grease, and dirt are separated from the solvent as it is distilled. The pure solvent vapor 
is condensed, passed through a water separator, and is ready for recycling to the degreaser. 
The distillation can leave a heavy concentration of sludge in the bottom of the still and the still is 
typically designed with a convenient drain and cleanout system (as opposed to the base of a 
degreaser in a pit). A typical layout/flow diagram of a solvent recovery still is shown in 
Figure 2.2. The 2-10 Building degreasers were of this type. 

2.1.1 North Degreaser  

The degreaser within the North Sheetpile Area in Building 2-10 was placed in a concrete sump 
(with dimensions of 13 by 16 feet) located between columns E43 and F43. Equipment within the 
pit included a storage tank and the vapor degreaser. Steam heat was supplied to the vapor 
degreaser and cold water was used for chilling to provide vapor control. Used solvent was 
processed through a still (located adjacent to the pit) and recycled. The cleaning solvent (TCE) 
was delivered to the degreaser from an aboveground storage tank located in the southeast 
corner of Building 2-10. This degreaser was decommissioned in 1993 and all equipment has 
been removed. 

2.1.2 South Degreaser  

The two degreasers within the South Sheetpile Area in Building 2-10 included two concrete 
sumps (15 feet by 32 feet and 15 feet by 9 feet) located between Columns D14 and D17. 
Equipment within the pits included storage tanks and the vapor degreasers. Steam heat was 
supplied to the vapor degreasers and cold water was used for chilling to provide vapor control. 
Used solvent was processed through one still (located between the two pits) and recycled. The 
cleaning solvent was delivered to the degreaser from an aboveground storage tank located in 
the southeast corner of Building 2-10. These degreasers were decommissioned in 1993 and all 
equipment has been removed. 

2.1.3 Other Degreaser  

Another smaller vapor degreaser was present in Building 2-10 based on historical drawings 
(circa 1958). The degreaser was in a process area referred to as the Chem Mill area and 
included a concrete sump (with approximate dimensions of 15 by 10 feet) located near columns 
D32 and E33.  Used solvent was processed through an adjacent still. This degreaser was 
decommissioned prior to 1993 (the specific date is unknown) and all equipment has been 
removed.   
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2.1.4 Potential Releases from Vapor Degreasers and Implications for the Interim 
Measures  

The existing soil and groundwater sampling data from the areas near the North and South 
Degreasers provide empirical evidence of releases. No specific operational knowledge or 
records of a release from the degreasers exists. Based on general knowledge of degreaser 
operations, the types of plausible releases include a spill of the neat TCE solvent and/or a 
spill/discharge of TCE-contaminated water from the water separator.  

A release of neat TCE solvent would represent a dense non-aqueous phase liquid (DNAPL) 
source in the soil/groundwater, potentially a deeper dissolved plume affected by the density 
driven sinking of a DNAPL, and potentially a larger inventory of TCE. A release of TCE-
contaminated water from the water separator would result in a dissolved TCE plume, without the 
density effects of a DNAPL release and a smaller residual inventory of TCE. 

Regarding implications for the planned IMs, the area/depth of the plume at concentrations 
greater than cleanup levels needs to be defined (regardless of the type of release) but the time 
frame required to achieve the cleanup levels would be longer with a neat TCE solvent release, 
due to the larger inventory with potential DNAPL presence. 

2.2 SITE HYDROGEOLOGY 

The site is within the Duwamish Valley and the hydrogeologic setting is an alluvial basin located 
between bounding uplands to the east and west. Within the alluvial basin, the groundwater 
aquifer flows in a direction toward (and discharges to) the Duwamish Waterway, as the 
waterway flows north, ultimately discharging to Elliott Bay. The regional geology and 
hydrogeology of the Duwamish Valley has been studied in a number of investigations, with the 
most complete summary provided in the Duwamish Hydrogeologic Pathways Project (Booth and 
Herman 1998). General characteristics of the relevant hydrostratigraphic units in the area are 
described below: 

 Fill. Fill in the area is generally encountered within the top 20 feet (often much less, 
except near the river channel) and is considered to be material that was removed 
during the dredging and re-channelization of the Duwamish Waterway. 

 Younger Alluvium. The younger alluvial deposits contain wood and other organic 
materials (plant matter from the tide flats) in a silt and sand matrix. The alluvial 
deposits have a relatively constant thickness and depth, and are located near the 
present day sea level.  

 Older Alluvium. Older alluvium comprises estuarine deposits present throughout the 
area beneath the younger alluvium with variable basal depth (up to 100 feet in the 
center of the valley and appreciably thinner near the valley edges). The older 
alluvium is typically identified as sandy silt in the lower portions, and sand and silty 
sand in the upper portions. 

The aquifer system within the Duwamish Valley is typically considered a single unit within the 
younger and older alluvium stratigraphic units. General estimates of the hydraulic conductivity 
range from 10-1 to 10-3 cm/second (280 to 2.8 feet/day) with the range highly dependent on the 
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silt content of the specific area and stratigraphic unit (Booth and Herman 1998). Using a typical 
gradient at Plant 2 of 0.002 and an effective porosity of 0.25 (Weston 1996), this would 
correspond to a range of pore velocities of 8.2 feet/year to 820 feet/year.  

Within the alluvial aquifer (defined above as a single unit), further distinction is made between 
“upper” and “lower” groundwater zones, which are typically differentiated based on locally 
continuous silt aquitards, upward vertical gradients, and/or the occurrence of saline 
groundwater. Brackish groundwater conditions are encountered in the lower groundwater zone 
throughout much of the valley. The data from locations distant from the waterway suggest that 
the deeper brackish water is derived from the original sediment deposition in an estuarine 
environment. The density differences of the brackish water are expected to have significant 
impact on groundwater flow with the fresh groundwater from recent recharge tending to migrate 
above the higher density saline water (Booth and Herman 1998). This tendency is based on the 
observation that deeper zones remained brackish thousands of years after alluvial deposits 
filled the prior southern position of Elliott Bay. 

The groundwater flow direction within the alluvial aquifer has been mapped at a regional scale 
and in numerous local areas. As expected in an alluvial river valley, the flow direction is from the 
valley edges (sources of recharge) toward the river (discharge point). In general, regional flow 
patterns appear approximately perpendicular to the river, with local variations due to changes in 
river alignment (bends in the river), recharge areas, and variations in subsurface materials. Near 
the Duwamish Waterway, tidal influences are observed that cause temporary changes in the 
water level and groundwater flow direction. The overall groundwater flow direction appears 
generally unchanged when the tidal variations are averaged over short-term tidal cycles. 

For investigation purposes within Plant 2, the uppermost aquifer has been divided into three 
different levels that are designated as follows:  

 A level—shallow, approximately 10 to 30 feet below ground surface (bgs) 

 B level—intermediate, approximately 30 to 60 feet bgs 

 C level—deeper, approximately 60 to 100 feet bgs 

These levels are not separate aquifers but rather hydraulically connected zones that are defined 
primarily by depth below ground surface, rather than as separate hydrostratigraphic units. Each 
of the levels is tidally influenced, with water levels varying by approximately 2 to 4 feet over tidal 
cycles in the area of the 2-10 Sheetpiles. 

Boeing has completed numerous hydrogeologic studies in the area, including an effectiveness 
evaluation for the IM sheetpile containment structures (Weston 2001). The IM effectiveness 
evaluation included continuous measurements of water level, temperature, and electrical 
conductivity in wells located within and around the sheetpiles and in the Duwamish Waterway. 
These data were used to evaluate density-dependent pressures and tidally averaged conditions 
at different levels in the area of the sheetpiles. This evaluation concluded that the net vertical 
gradient was upward due to the density differences of the more saline water that is present at 
greater depths (B level wells typically had salinity in the 10–20 part-per-thousand range). These 
results are consistent with regional hydrogeologic conditions (Booth and Herman 1998). 
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2.3 GROUNDWATER CHEMISTRY 

Groundwater chemistry is available from multiple investigations that have been completed over 
the last 17 years: 

 Initial RCRA Facility Investigation (RFI) activities from 1992 to 1996 (multiple 
phases) 

 Performance monitoring at the completion of the sheetpile installation from 1994 to 
1995 

 Follow-up performance monitoring of the sheetpiles in 2001 

 The Shoreline Monitoring Program at Plant 2 from 2001 to the present 

Initial groundwater investigations were performed at AOC 2-10.3A and AOC 2-10.4A (two 
degreasers in the 2-10 Building) during the original RFI work performed from 1992 to 1996 
(Weston 1996). The initial soil and groundwater sampling near these two AOCs started in early 
1992 (Weston 1992a). The northern area (AOC 2-10.3A) consisted of one degreaser in a 
concrete containment sump. The southern area (AOC 2-10.4A) consisted of two degreasers (in 
close proximity to each other) both within concrete containment sumps. The initial Phase I site 
investigations (Weston 1992a) covered the entire 2-10 Area north of 16th Avenue South 
(including Buildings 2-10, 2-15, 2-09 and the fuel storage facilities near Building 2-13). In the 
areas near the North and South Degreasers within Building 2-10, the investigation included one 
soil boring (E-42) with one monitoring well (MW-12, later renamed PL2-212a) near the north 
degreaser and three soil borings (D-13, D-16, and D-17) with one monitoring well (MW-09, later 
renamed PL2-209A) near the south degreasers. Analytical results from soil and groundwater 
samples identified a release from these two units. 

Expanded Phase II investigations with additional monitoring wells at these AOCs were 
completed in mid-1992 (Weston 1992b). Ten soil borings and five additional groundwater wells 
were installed near the North Degreaser. Fourteen soil borings and five additional groundwater 
wells were installed near the South Degreasers. Soil and groundwater samples were analyzed 
for VOCs, petroleum hydrocarbons, and metals. Analytical results from both of the areas near 
the degreasers were similar, with TCE, dichloroethene (DCE), vinyl chloride (VC), and several 
metals detected at multiple locations. Petroleum hydrocarbons were not detected in samples 
from locations near either unit. A general summary of key sampling data from the 1992 
investigations is presented in Tables 2.1a and 2.1b. Additional information (copied directly from 
the 1992 reports and later) is included in Appendix A. Figure 2.3 presents a plan view of the 
1992 groundwater sampling data near each of degreasers (before the sheetpiles were 
installed). 

The 1992 investigations identified a release to soil and groundwater at the two degreaser areas 
in the 2-10 Building. Boeing elected to implement interim corrective measures at these two 
areas in 1993 (Weston 1993a and 1993b). A containment technology using a hanging sheetpile 
wall was constructed around each area using interlocking sheetpiles with sealed joints (a 
sealable sheetpile manufactured under license by Waterloo Groundwater Control 
Technologies). The work was initiated in late 1993 and completed in April 1994 (Weston 1994). 
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Performance monitoring following completion of N/S Sheetpile installation included new 
groundwater monitoring wells and sampling for 12 monthly events (October 1994 to September 
1995). 

An effectiveness evaluation of the two sheetpile structures was performed in 2001 (Weston 
2001). This evaluation included installing new wells and sampling groundwater from existing 
wells. The new wells were installed to determine if VOC mass was escaping from the N/S 
Sheetpiles. 

Sampling near the other degreaser (in the Chem Mill area near Column D32) has included soil 
samples collected in 1992 from the downgradient area of this degreaser. Those results 
indicated non-detect values for TCE and its degradation products at 1-foot and 10-foot depths. 
Groundwater sampling has also been conducted in the downgradient A level wells near this 
degreaser at monitoring wells PL2-210A, PL2-240A, and PL2-271A. The first two sampling 
events (at PL2-210A in February and March 1992) indicated low levels of TCE (2.5 and 8.3 
µg/L) and all degradation products (e.g., DCE and VC) at non-detect levels (less than 1 and less 
than 2 µg/L, respectively). Subsequent sampling has found TCE at less than 1 µg/L and VC 
detected once at 0.022 µg/L. The next downgradient well in the A level, PL2-240A, was 
sampled eight times between late 1993 and 1996. Analytical results for VOCs indicated TCE at 
less than 1 µg/L in each event with cis-1,2-DCE detected once at 2.2 µg/L and at less than 
1 µg/l for the other seven events. Vinyl chloride was detected twice at 0.054 and 0.21 µg/L, with 
concentrations for the remaining six events less than 2 µg/L). The next downgradient well in the 
A level, PL2-271A, is part of the Shoreline Monitoring Program and was sampled 16 times 
between 2001 and 2008. Analytical results for VOCs indicate TCE and DCE at less than 1 µg/L 
in each event. Vinyl chloride was detected four times at concentrations between 1 and 1.3 µg/L 
(two of the four samples are flagged with a J qualifier) with the concentrations for the remaining 
12 sampling events less than 1 µg/L. 

The Shoreline Monitoring Program includes Wells PL2-258A, PL2-258B, PL2-258C near the 
North Sheetpile, PL2-271A downgradient of the Chem Mill degreaser, and Wells PL2-214A, 
PL2-214B, and PL2-214C near the South Sheetpile. These boundary wells are located 
immediately downgradient of the 2-10 Area N/S Sheetpiles. Sampling and analysis of wells in 
the Shoreline Monitoring Program is now conducted semiannually but was performed quarterly 
from 2001 to 2002 and from 2003 through 2007. 

The site characterization sampling in the area of the 2-10 N/S Sheetpiles has included 
approximately 950 samples for VOC analysis (including both soil and groundwater samples) 
completed over a period of 17 years. Conditions over this time period have changed (specifically 
VOC concentrations) due to various processes, including the following: 

 Containment of the solvent source areas provided by the N/S Sheetpile IMs 
completed in 1994.  

 Natural degradation processes, primarily reductive dechlorination, where the initial 
parent compound (TCE used in the degreasers) is broken down into the daughter 
products cis-1,2-dichloroethene (cis-1,2-DCE), trans-1,2-dichloroethene 
(trans-1,2-DCE), VC, and ultimately ethene/ethane.  
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 Other attenuation processes that may remove or degrade the VOCs, including but 
not limited to dispersion, tidal flushing, and aerobic degradation processes 
(especially near the waterway). 

Most of the sampling events have included selected wells/locations targeted for a specific 
monitoring objective (e.g., initial characterization, IM performance monitoring, the Shoreline 
Monitoring Program). As such, there are few snapshots that represent all monitoring wells (or 
most wells) in synoptic sampling events. The VOC concentrations for two monitoring events with 
coverage of most wells are shown in Figures 2.4 and 2.5 (for the North and South Sheetpiles, 
respectively). Data from the same sampling events are presented as vertical cross sections in 
Figures 2.6 and 2.7 (for the North and South Sheetpiles, respectively).  

The general trends in VOC concentrations can also be evaluated across time in specific wells. 
The time series data are presented as total VOCs (sum of TCE, DCE, and VC) in order to 
capture and represent the known TCE degradation products. The data from the time series plots 
at specific wells can also be used to estimate a first-order degradation rate constant based on 
the rate of change in total VOC concentrations (USEPA 2002). Time series trends of VOC 
concentrations in selected wells are shown in Figures 2.8 and 2.9 (for the North and South 
Sheetpiles, respectively) along with calculated rate constants and corresponding degradation 
half-lives. The calculated half-lives represent all removal processes. Higher VOC loss rates 
(i.e., shorter half-lives) are generally apparent for wells located outside of the sheetpile 
structure. The higher loss rates are consistent with the presence of dispersion mechanisms 
outside the sheetpile enclosure that are not active within the enclosure. The calculated 
degradation half-lives are of a similar magnitude to the values derived from the Electronic 
Manufacturing Facility (EMF) VOC plume (prior to implementing ERD in the EMF plume). 

2.4 CONCEPTUAL SITE MODEL  

Soil and groundwater samples collected in conjunction with the RFI confirmed the presence of 
chlorinated ethenes beneath Building 2-10. The groundwater contamination was subsequently 
mapped to two discrete plumes associated with the operation of three vapor degreasing units. In 
1993 and 1994, IMs in the form of sheetpile containment enclosures were installed around the 
source areas and a portion of the two plumes. A CSM was prepared in conjunction with the 
RCRA Facility Investigation Groundwater Investigation Interim Report, dated January 1996 
(Weston 1996). Additional data were collected in 2001 and 2002 along with other related work in 
the Duwamish Valley (specifically the Duwamish Hydrogeologic Pathways Project and 
characterization data from the EMF VOC plume and other sites) that necessitate updating the 
CSM. 

2.4.1 Conceptual Site Model Objective 

The overall objective of a CSM is to provide a coherent summary of all existing data in a 
consistent framework that best describes the subject site and the fate and transport of any 
contamination at that site. The CSM is used as a tool to assist in subsequent project planning 
and implementation in the following manner: 
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1. Provide the basis for application of the DQOs process in which the project team 
defines the anticipated site decisions that need to be made and establishes data 
requirements necessary to support those decisions. 

2. Identify and prioritize relevant site exposure pathways. 

3. Identify data gaps (in existing site characterization data) that must be satisfied to 
support decisions. 

4. Serve as a key instrument through which site data and decisions are communicated 
to stakeholders. 

2.4.2 Key Elements of the Conceptual Site Model 

Key elements of the CSM include the following: 

1. Site history and background 

2. Site setting and boundaries  

3. Geologic and hydrogeologic conditions 

4. Source(s) of chemical release(s) 

5. Constituents of concern 

6. Contaminant transport pathways from the site 

7. Exposure pathways for human and ecological receptors 

8. VOC plume boundaries 

9. Remedial actions implemented to date 

10. Performance metrics 

The CSM is presented in Table 2.2. The CSM forms the basis for organizing all site data, testing 
the efficacy of proposed data collection efforts going forward, and ultimately, testing the 
performance of proposed and implemented remedies. As such, the CSM has been developed to 
reflect the best interpretation of all relevant site data presently available. As new data are 
collected, they will be tested for consistency with the CSM, and the CSM will be modified as 
appropriate. The CSM is intended to evolve with the understanding of the site conditions 
through collection of additional data and performance monitoring of remedial measures. 
Ultimately, the CSM is expected to transition into a Performance Model to which post-
remediation monitoring data would be compared to determine if the IM is performing as 
expected. 

A CSM has been developed for the site that discusses the key elements listed above based on 
data collected during prior site investigations and remedial actions (refer to Table 2.2).  

Table 2.3 presents selected data (the specific soil and water samples with the highest TCE 
concentrations) from the initial investigations and an evaluation of the potential presence of TCE 
as a DNAPL. These data indicate that dissolved TCE concentrations near the water table are 
high enough to suspect a DNAPL as present, but the same data also suggest that TCE (if 
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released as a neat solution) was not able to penetrate the water table in sufficient quantity to 
form a deeper DNAPL pool (i.e., deeper soil and water samples show decreasing TCE 
concentrations and at levels orders of magnitude lower than would be expected in an area 
connected to TCE as DNAPL). As discussed in the summary of vapor degreaser operations and 
the CSM, it is possible that a release may have occurred from the water separators used with 
the vapor degreasers. A release from the water separators would have contained dissolved 
TCE at the solubility limit of 1,100 mg/L. It is also possible that a release could have occurred by 
both mechanisms. Regardless of the release mechanism(s), empirical evidence demonstrates 
that a release occurred, existing water quality data exceed applicable standards, and IMs to 
address the identified problems are recommended. Both of the remedial technologies proposed 
(SVE for the vadose zone and ERD for the saturated zone) have been effectively applied to 
sites with both dissolved plumes and those with a DNAPL source area. 

2.5 ANTICIPATED PROJECT DECISIONS 

Given the CSM, there are two objectives for data collection/evaluation efforts in this plan: 

1. Determine current site conditions to evaluate the two primary pathways of concern 
(discharge to the adjacent waterway and potential exposure via indoor air).  

2. Evaluate the feasibility of candidate technologies for implementing IMs to address 
VOCs in soil and groundwater. Two technologies have been identified as the most 
likely candidates for the next phase of IMs: SVE to remove any vadose zone 
contamination (and if necessary, manage any vapor intrusion risk), and ERD, to 
accelerate mass removal (through biodegradation) from the saturated zone. 

With respect to the first objective, the decisions that need to be made regarding current 
conditions (nature and extent) are: 

1a. Does vapor intrusion to indoor air pose an unacceptable risk? 

1b. Do current VOCs in soil/soil vapor presently contribute to water quality 
contamination (within the contained sheetpiles)? 

1c. Are current conditions changed from historical conditions relative to the identified 
contamination from the degreaser operations (i.e., how much have concentrations 
changed [increase or decrease] relative to historical data and do those changes 
impact the IM design)? 

1d. Do the existing data adequately define the plume boundaries for IM design? 

1e. Are VOC concentrations decreasing within the sheetpiling? 

1f. Are VOC concentrations decreasing outside the sheetpiling? 

With respect to the second objective, the decisions to be made regarding IM design and CM 
selection are contingent on the decisions made relevant by the first objective: 

2a. If a vapor intrusion pathway exists (i.e., measured as a complete pathway), will SVE 
control it adequately?  
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2b. If VOCs are present in soil vapor at elevated levels, is SVE an appropriate means of 
controlling or eliminating the contaminant mass and what rate of VOC loading to 
activated carbon or other treatment technology should be expected from the SVE 
operation? 

2c. If historical conditions have changed, will they change the identity or design of the 
IMs? 

2d. How will ERD affect current degradation rates outside the sheetpile enclosure? 

2e. How will ERD affect current degradation rates inside the sheetpile enclosure? 

Some of these decisions can be made on the basis of existing characterization data and 
information, while others may require new data as discussed in Section 2.6.  

2.6 DATA NEEDS 

The anticipated IM design decisions with respect to elimination of VOC contamination 
associated with the former degreasers at the N/S Sheetpiles require new data. The new data 
that will be required are identified in a DQO process summarized in Table 2.4. 

The IM data needs that are not met by the existing data will be filled through five specific data 
collection activities as follows: 

Data Collection Activity Purpose/Objective 

1. Conduct indoor air sampling within 2-10 
Building (refer to separate plan) 

Evaluate exposure potential via 
indoor air  

2. Conduct synoptic groundwater 
characterization sampling of existing wells 

Establish current groundwater 
conditions 

3. Collect water sample in targeted area within 
the North Sheetpile Area (near PL2-218B)  

Supplement existing data to 
identify the base of the VOC 
plume and further evaluate the 
potential presence of DNAPL in 
the area  

4. Conduct co-located characterization 
sampling and analysis of soil and soil vapor 
from selected locations near the degreaser 
pits within the sheetpile enclosures 

Establish current soil conditions in 
expected hotspot areas and 
estimate total VOC inventory for 
SVE system design 

5. Implement SVE IMs, if warranted, and 
monitor performance  

Performance monitoring to 
evaluate progress 

6. Implement ERD IMs, if warranted, and 
monitor performance 

Performance monitoring to 
evaluate progress 
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The first activity (indoor air sampling) will be conducted by Golder & Associates and is 
addressed in a separate Work Plan. The second and third of these activities are the subject of 
this Phase 1 Work Plan. The final two activities will be initiated and proposed in a separate 
Phase 2 Work Plan. Based on the historical data, Boeing anticipates Phase 1 data will identify 
sufficient levels of contamination and warrant Phase 2 work. 
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3.0 Planned Characterization Sampling 

The IM characterization field work consists of sampling soil, soil vapor, and groundwater from 
selected locations and monitoring wells at positions inside and outside of the 2-10 Area N/S 
Sheetpiles. The objectives, number of samples, analyses planned, documentation and 
schedules associated with these IM monitoring elements are described in greater detail in the 
SAP (Appendix B). Additional details on methodologies and procedures to be implemented for 
sample collection are included as SOPs in Appendix C. The monitoring program is designed to 
collect data defined in Section 2.6 and is summarized in the following sections. 

3.1 GROUNDWATER 

The groundwater sampling will provide current data for VOCs, total organic carbon (TOC), and 
geochemical parameters in the A and B levels of the aquifer at the 2-10 Area N/S Sheetpiles. 
These data will be used to evaluate ERD as an IM for VOCs in site groundwater and to design 
ERD as a presumptive remedy if conditions are suitable and warrant an IM. These data will also 
serve to define baseline conditions or pre-IM conditions. In addition, two new Geoprobe 
sampling locations are planned; one new location (near PL2-218B within the North Sheetpile 
Area) will include a one-time Geoprobe sampling to define the depth of the plume in that area; 
the other location near PL2-210A will collect B level data in the area downgradient from the 
Chem Mill degreaser located near column D32. Table 3.1 lists the monitoring wells that will be 
sampled and analyzed for the specific compounds and analytes noted, including VOCs, TOC, 
selected dissolved metals (arsenic and manganese, two redox sensitive species), major cations 
(calcium, magnesium, potassium, and sodium), major anions (chloride, sulfate, and alkalinity 
[bicarbonate, carbonate, and hydroxide ion]), Dehalococcoides bacterial census count, 
dissolved gases (including ethane and ethene), and field parameters (dissolved oxygen, redox 
potential). Figure 3.1 shows the location of the existing groundwater monitoring wells to be 
sampled as part of the characterization effort. The analytes listed in Table 3.1 have been 
developed with two objectives in mind. The first is to collect the appropriate data needed for 
design, optimization, and performance monitoring of the planned IMs. The secondary objective 
is to collect data, where appropriate, that can be used to support the upcoming Data Gaps 
Investigation (DGI) in the 2-10s Area. The sampling described in this Work Plan (focused 
generally on the nature and extent of VOC plumes and other parameters for ERD remedial 
design) is not intended to replace the 2-10s DGI, but the data collected may be used to support 
the DGI where appropriate. 

The list of selected analytes by well is not uniform (i.e., not all wells will be sampled for all 
analytes) based on the project objectives, anticipated decisions, and data needs developed 
following a DQO process. An example includes Wells PL2-209B and PL2-252A where existing 
data indicate very low or non–detect levels of the target VOCs. Based on these known 
conditions, analysis for dissolved gases (specifically looking for ethene as a degradation 
daughter product of VC) has not been included. The presence of ethene will not increase with 
ERD because insufficient VOCs are present to generate it (at measureable levels). Other 
examples are the wells selected for TOC and selected dissolved metals; these data are planned 
for IM design and monitoring, not to replace any of the data needs yet to be identified in the 
planned 2-10 Area DGI. 
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3.2 SOIL AND SOIL VAPOR 

The soil and soil vapor sampling will provide current data for VOCs present in vadose zone soil 
(both soil and soil vapor) in the area of the 2-10 N/S Sheetpiles. The specific areas selected are 
locations that had previously exhibited the highest VOC concentrations in soil as determined by 
1992–1994 characterization data from samples near the former degreaser pits at a depth of 
approximately 10 feet bgs. The soil and soil vapor sampling data will be used to evaluate SVE 
as an IM for VOCs in site vadose zone soils and to design SVE as a presumptive remedy if 
conditions are suitable and warrant an IM. 

Tables 3.2 and 3.3 list the planned soil and soil vapor sampling locations, depth intervals, and 
the specific media to be sampled for VOC analysis. Figure 3.2 shows the location of the planned 
soil sampling locations. 

3.3 OTHER SAMPLING 

As noted previously, indoor air sampling will be conducted under a separate Work Plan. All work 
will be coordinated so that data are collected over similar time frames and comparable 
conditions.  

Six of the wells in the vicinity of the N/S Sheetpiles are presently included in the Shoreline 
Monitoring Program (Wells PL2-258A, PL2-258B, and PL2-258C near the North Sheetpile and 
Wells PL2-214A, PL2-214B, and PL2-214C near the South Sheetpile). The six wells noted 
above (PL2-258A, PL2-258B, PL2-258C, PL2-214A, PL2-214B, and PL2-214C from the 
Shoreline Monitoring Program) will also be sampled as part of this IM. The field notes will record 
the sampling time and reporting will note the corresponding tidal stage during sampling of all 
monitoring wells.  
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4.0 Reporting and Schedule 

The data collected under this Phase 1: Data Collection Work Plan will be used to develop the 
design for the IMs. The data and the proposed IM design will be presented in the Work Plan for 
Phase 2: IM Implementation. This Phase 2 Work Plan will be submitted 60 days after Phase 1 
sampling, allowing time for analysis, quality assurance, data evaluation, and IM design work 
(including coordination with building users). The Phase 2 Work Plan will include the following: 

 Tabulated summary of collected data  

 Figures showing chlorinated VOC concentration and distribution 

 Conclusions related to IM selection based on evaluation of the data 

 Recommended IM technology (or technologies) for the 2-10 Area Sheetpiles 

 Preliminary design of the IMs 

 Schedule for the implementation of the IMs 

 Performance monitoring requirements for the IMs 

Specific schedule elements are listed below: 

Task Date 

1. Submit draft IM Work Plan for Phase 1: Data 
Collection to USEPA for review 

November 2008 

2. Receive comments from USEPA April 13, 2009 

3. Re-submit plan for final review following 
comment resolution 

Due June 18, 2009 

4. USEPA approves final plan TBD 

5. Perform investigation, sample analysis and 
quality assurance of data 

Begin within 30 days after 
Task 41 

6. Submit draft IM Work Plan for Phase 2: IM 
Implementation (including Phase 1 data) to 
USEPA for review 

60 days after the completion of 
Task 5 

Notes: 
1 Task 6 schedule may be adjusted as needed based on the availability of drilling contractors 

and required coordination with building user requirements. 
Abbreviations: 

 Days Calendar days  
 TBD To be determined 
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Table 2.1a  
Summary of Key VOC Data from 1992 Investigations near the North Degreaser in Building 2-10 

SOIL 
PL2-212A 

Depth (feet bgs) 
PL2-212B 

Depth (feet bgs) 

Chemical Units 1 11 13 5 10 15 28 30 35 40 

TCE µg/kg 28 J 1,000 J 23,000 540 48,000 6,900 2.4 J 2.2 15 3.3 

cis-1,2-DCE µg/kg .9 J 11,000 44,000 90 6,400 44,000 5.70 1.8 1.2 U 3.9 

VC µg/kg 2.1 U 750 1,800 2.3 U 1,300 U 340 2.5 U 2.4 U 2.4 U 2.4 U 

 
 

GROUNDWATER PL2-212A Mar 1992 PL2-212B Aug 1992 

Chemical Units Screened 6–16 feet bgs Screened 40–55 feet bgs 

TCE µg/L 420,000 1 U 

cis-1,2-DCE µg/L 86,000 1.5 

VC µg/L 25,000 1 U 

 
Abbreviations:  

bgs Below ground surface 
DCE Dichloroethene 
TCE Trichloroethene 

U Undetected 
VC Vinyl chloride 

VOC Volatile organic compound 
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Table 2.1b  
Summary of Key VOC Data from 1992 Investigations near the South Degreaser in Building 2-10 

SOIL 
D 16  (soil boring closest to PL2-209A) 

Depth (feet bgs) 
PL2-209B 

Depth (feet bgs) 

Chemical Units  2.5 7.5 12.5 5 10 15 20 33 45 50 55 

TCE µg/kg 6 2.9 27,000 4 2.4 32,000 300 150 90 45 120 

cis-1,2-DCE µg/kg 1.1 U 1.0 U 560 1 U 1.1 U ND 5.4 J 8.2 J 7.7 J 8.6 7.3 

VC µg/kg 2.1 U 1.9 U 44 2.1 U 2.3 U 410 J 11 U 11 U 11 U 11 U 10 U 
 
 

GROUNDWATER PL2-209A Feb 92 PL2-209B Aug 92 

Chemical Units Screened 8–18 feet bgs Screened 40–55 feet bgs 

TCE   µg/L 32,000 1 U 

cis-1,2-DCE   µg/L 840 1 U 

VC   µg/L 160 2 U 

 
Abbreviations:  

bgs Below ground surface 
DCE Dichloroethene 
TCE Trichloroethene 

U Undetected 
VC Vinyl chloride 

VOC Volatile organic compound 
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Table 2.2 
Summary of Conceptual Site Model (CSM) 

Volatile Organic Compound Plumes near the 2-10 Area Sheetpiles 

CSM Element Conditions Considered within the Conceptual Site Model 

History and 
Background 
(Weston 1996) 

 The 2-10 facility was used for aircraft production starting in the 1940s.  Equipment included four vapor 
degreasers in three discrete locations, which were decommissioned and removed in 1993. Degreasers 
were installed with secondary containment including sumps.  

 Sheetpile walls were installed as an interim measure to encompass most of the contaminant mass in the 
two plumes (the source area and a portion of the volatile organic compound plumes) at the two main 
degreaser locations in 1994. 

 An effectiveness evaluation in 2001 concluded the sheet walls were effective at containing the volatile 
organic compound (VOC) plumes. 

Setting and 
Boundaries 
(Weston 1996; 
Weston 2001; EPI 
2008) 

 

 Present land use continues to support aircraft production activities, with all major portions of the existing 
plumes lying beneath Building 2-10. Current building activities include small-scale manufacturing, parts 
testing, shipping/receiving functions, and storage. 

 Soil and groundwater contamination by VOCs is concentrated (and bounded) in two areas associated 
with decommissioned vapor degreasers: designated as AOC 2-10.3A North (the 2-10 North Sheetpile) 
and AOC 2-10.4A South (the 2-10 South Sheetpile). 

 The AOC 2-10.3A North plume covers an area approximately 450 feet (SW to NE in the direction of 
groundwater flow) by 250 feet (NW to SE in direction transverse to groundwater flow) beneath the north 
end of Building 2-10.  The general footprint of the plume (approximately 450 by 250 feet) remains similar 
from 1992 to 2008 (refer to Figures 2.3 and 2.4); however, groundwater concentrations have attenuated 
during that time (refer to Figure 2.8). 

 The AOC 2-10.4A South plume covers an area approximately 250 feet (SW to NE in the direction of 
groundwater flow) by 150 feet (NW to SE in direction transverse to groundwater flow) beneath the north 
end of Building 2-10. The general footprint of the plume (approximately 250 by 150 feet) remains similar 
from 1992 to 2008 (refer to Figures 2.3, and 2.5); however, groundwater concentrations have attenuated 
during that time (refer to Figure 2.9). 

Geology and 
Hydrogeology 
(Weston 1996; 
Weston 2001) 

 Underlying soil matrix is alluvium deposited within a river valley, consisting of inter-bedded silts and 
sands.  Locally, silty sand/sand extends to approximately 90 feet below ground surface (bgs).  

 Uppermost aquifer begins 10 feet bgs and extends to 80 to 100 feet bgs.  Discontinuous silt zones exist 
at depth, but no aquitard was identified at depths to 100 feet bgs. 

 Groundwater flows west towards and discharges to the Lower Duwamish Waterway. For investigation 
purposes, this uppermost aquifer has been divided into three levels: A (shallow), B (intermediate), and C 
(deeper).  There is limited mixing between the upper two levels (A and B) and the lower zone, with the 
deepest level being brackish relative to the other two.    

 The Lower Duwamish Waterway is a tidally influenced river estuary, with fresh river water discharging 
above a tidally influenced saltwater wedge from Elliot Bay.  Tidal influence is seen in the aquifer for 300 
to 600 feet inland with decreasing amplitude and increasing time lag.   

 Installation of sheetpiles isolated the bulk of the VOC plumes.  Both sheetpiles are hanging walls that are 
not tied into a lower permeability formation or aquitard.  Detailed analysis of potentiometric heads by 
Weston (including density differences and tidally averaged conditions) resulted in the conclusion that net 
vertical gradients at depth are upward to discharge into the Lower Duwamish Waterway. 

 The roof and floor slab of Building 2-10 caps the site, thus eliminating natural recharge.  As a 
consequence, within the sheetpile enclosures, vertical movement is restricted primarily to tidal cycle 
pressure fluctuations and, beyond the sheetpiles near the Waterway, some bank storage effect as the 
surface water moves in and out with the tides in the Lower Duwamish Waterway.    

Source(s) of 
Chemical Release 
(Weston 1992; 
ASTM 1962 and 
1976 “Handbook of 
Vapor Degreasing”, 
Dow and Diamond 
Shamrock manuals 

 Trichloroethene (TCE) was used as the degreasing agent in the sheetpile area degreasers where 
releases have been identified (based on empirical data of TCE found in soil and groundwater). A fourth 
degreaser was used (in the Chem Mill Area) where a release has not been evident (based on empirical 
data indicating the absence of TCE in soil and groundwater). 

 The location and characteristics of the residual TCE suggest the releases were from within the degreaser 
pits (refer to Figure 2.3), and traveled down to 20 to 30 feet bgs.  Below approximately 30 feet (refer to 
text and figures for details) concentrations drop quickly to the low and sub parts per billion range.   

 TCE residues in saturated soils act as an on-going release to groundwater through leaching. 

 TCE residues in the unsaturated soils (vadose zone) act as an on-going release to soil vapor beneath the 
2-10 Building, which has the potential to intrude into the building through cracks in the foundation. 

 TCE residues are naturally degrading to form dichloroethenes (DCE) and vinyl chloride (VC). 

Chemicals of 
Concern 
(Weston 1996) 

 TCE and its degradation products, 1,1-dichloroethene (DCE), 1,2-DCE (both cis and trans isomers), and 
VC have been detected in site soil and groundwater at the northern plume.  

 TCE and its degradation products, 1,1-DCE, 1,2-DCE (both cis and trans isomers) and VC have been 
detected in site soil and groundwater at the southern plume.  Much lower levels of 1,1,2-trichloroethane 
have also been observed in the southern plume. 

 TCE is documented as the degreasing solvent used at Plant 2 and there is no evidence of use of DCE or 
VC in the facility, suggesting that these chemicals are by-products of natural reductive dechlorination 
mechanisms in the subsurface environment. 
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CSM Element Conditions Considered within the Conceptual Site Model 

The Potential For 
DNAPL 
Occurrence 

 The initial TCE concentrations in groundwater (highest) were 420,000 µg/L and 32,000 µg/L in 1992 for 
the north and south plumes, respectively. These values are consistent with either loss of pure phase 
solvent (a DNAPL) or discharge of the saturated solution from the degreaser water separator (refer to 
Section 2.1 and Figure 2.1 for discussion of vapor degreasers).  If the former were the source (i.e., loss of 
pure phase solvent), dense non-aqueous phase liquids (DNAPL) would be expected and high dissolved 
concentrations would persist over time.  If the latter were the source (i.e., release of a saturated aqueous 
solution), the concentrations would diminish faster over time due to natural degradation.   

 The 1992 characterization data (relevant to evaluating the potential presence of DNAPL) are summarized 
in Table 2.3 which indicated high concentrations in the shallow zone near the water table and decreasing 
concentrations at deeper depths.  The 1992 investigations did not extend to the point of contact with the 
aquitard below the C level of the aquifer.  Later (in 1995), a C-zone well was installed extending to the 
point of contact with the aquitard below the C zone just downgradient of the North Sheetpile (PL2-258C).  
In 2001 a similar C-zone well was installed at the South Sheetpile (PL2-214C extending to the point of 
contact with the aquitard below the C zone).  Well PL2-258C has been sampled 21 times over the last 14 
years and all results for TCE have been below the method detection limit (typically 1 U; one time at 0.2U).   
Well PL2-214C has been sampled 15 times over the last 8 years and all results for TCE have been below 
the method detection limit (typically 1 U; one time at 0.2U).  Based on these results, there is no indication 
of DNAPL occurrence at the base of the aquifer.  No DNAPL has been observed to date in the prior 
investigations.   

 TCE concentrations in groundwater have decreased since 1992 (significantly in the South Sheetpile area 
and more modestly in the North Sheetpile area, as of 2001 sampling), even though no active remedial 
action has been implemented within the 2-10 Building sheetpiles.  In the South Sheetpile area TCE 
concentrations are no longer sufficiently high to indicate the present of DNAPL.  In the North Sheetpile 
area, TCE concentrations are at 7.1% of TCE solubility (as of 2001) and may indicate the presence of 
DNAPL that would be present at depths from approximately 10 to 25 feet bgs (possibly as a trapped 
ganglia).  It is also possible that the observed concentrations are due to the release of a saturated 
aqueous solution (from the degreaser water separators), rather than a release of free product TCE.   

Fate and 
Transport 
Pathways 
(Weston 2000; trend 
analysis of VOC 
data from Boeing 
Plant 2 Database) 

 Primary attenuation of TCE is through biological and chemical degradation by reductive dechlorination; 
secondary attenuation, especially in the vadose zone, includes volatilization.  Convective transport in 
groundwater is limited due to the effect of the hanging wall as demonstrated in the 2001 effectiveness 
evaluation (Weston 2001). 

 Degradation is ongoing with production of cis-1,2-DCE (predominant isomer) and trans-1,2-DCE (at much 
lower concentrations), followed by their degradation to VC.  Further reductive dechlorination of VC to 
harmless ethene may be occurring but has not been directly measured (ethene measurements have not 
been collected). 

 Volatilized chlorinated ethenes (TCE and its degradation products) could potentially enter indoor air 
primarily within the 2-10 Building as the plumes are overlain by the building.  Once in the air, a host of 
oxidative, hydrolytic, and photolytic processes take over to degrade the compounds within hours to days 
(http://www.epa.gov/ttn/atw/hlthef/tri-ethy.html; Agency for Toxic Substances and Disease Registry 
[ATSDR] Toxicological Profile for Trichloroethylene [Update]. U.S. Public Health Service, U.S. 
Department of Health and Human Services, Atlanta, GA. 1997). 

 Chlorinated ethenes in groundwater outside the sheetpiles will migrate towards the waterway and 
discharge in the Lower Duwamish Waterway.   

 The bulk of the residual chlorinated ethenes are present in soil and groundwater contained within the 
sheetpile structure with fairly limited mobility.   

 Reductive dechlorination processes benefit from the low dissolved oxygen and reducing conditions in the 
groundwater within the sheetpile structures.  A best fit of degradation rates (1994 to 2002) for the 
reduction of total chlorinated ethenes yields rate constants of -0.0003 to -0.008 day-1 inside and around 
the North Sheetpile enclosure. Calculated degradation rate constants inside and around the South 
Sheetpile are -0.0005 to -0.002 day-1.  The calculated rates for the 2-10 VOC plumes are comparable to 
what has been observed at the Electronic Manufacturing Facility VOC plume prior to addition of substrate 
to accelerate reductive dechlorination.   

Exposure 
Pathways 
(Weston 2001) 

 Vapor intrusion into the 2-10 Building is a potential exposure pathway under current site conditions.  A 
separate study is underway, with USEPA’s pending approval, to evaluate the potential for exposure by 
this pathway. 

 The installation (and associated monitoring program) of the sheetpiles has controlled the groundwater 
discharge of majority of the released chlorinated ethenes to the waterway (Weston 2001). 

 Contamination that was outside the sheetpiles is being monitored as part of the Shoreline Monitoring 
Program.  Recent data (EPI 2008) indicates that conditions at the South Sheetpile are contained (refer to 
Figures 2.5 and 2.6, results for PL2-214A, B, and C in Appendix A which indicate non detect values 
outside the South Sheetpile), while near the North Sheetpile area degradation products 1,2-DCE and 
vinyl chloride remain elevated, but decreasing, in PL2-258A and B.  

 Incomplete exposure pathways (based on present land use) include soil and on-site surface water 
drainage.  

Corrective 
Measures 
Implemented to 
Date 
(Weston 2001) 

 North Sheetpile structure installed in 1994 to contain plume associated with Resource Conservation and 
Recovery Act (RCRA) Unit AOC 2-10.3A North (the 2-10 North Sheetpile).  Structure extends from near 
the ground surface to a depth of 30 feet bgs. 

 South Sheetpile structure installed in 1994 to contain plume associated with RCRA Unit AOC 2-10.3A 
South (the 2-10 South Sheetpile).  Structure extends from near the ground surface to a depth of 25 feet 
bgs. 

 Long-term downgradient groundwater monitoring performed as part of Shoreline Monitoring Program 
since 2001. 
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CSM Element Conditions Considered within the Conceptual Site Model 

Performance 
Metrics 

 Containment evaluation in 2001 concluded contaminants were not migrating out of the enclosures in 
groundwater.  Concurrent work (Golder 2009) will evaluate whether vapor intrusion is occurring into the 
2-10 Building. 

 Performance metrics for Interim Measure would include: 

1. Is the contaminant mass declining at a rate that will eliminate unacceptable risk (indoor air and 
groundwater discharge) within a reasonable time frame?   

2. Can the degradation/removal rate be accelerated? 

Abbreviations: 

bgs Below ground surface 
DCE Dichloroethene 

DNAPL Dense non-aqueous phase liquid 
RCRA Resource Conservation and Recovery Act 

TCE Trichloroethene 
TOC Total organic carbon 

VC Vinyl chloride 
VOC Volatile organic compound 
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Table 2.3 
Historical Groundwater and Soil Concentrations  

 Chemical Properties 

 
Typical Solubility  

(at 20–25 oC) 
1% of 

Solubility 
(µg/L) 

Form at 
Room Temp 

Boiling 
Point 

Specific 
Gravity 

(water = 1.0) 

Vapor 
Pressure 

(mm Hg at 25) 
Vapor Density 

(air = 1.0) Chemical mg/L µg/L 

TCE 1,100 1,100,000 11,000 DNAPL 87oC 1.46 58 4.53 

cis-1,2-DCE 3,500 3,500,000 35,000 DNAPL 55oC 1.28  3.34 

VC 2,400 2,400,000 24,000 gas -14oC (+7oF) 0.9121 2530 2.15 

 
 

Predictors of DNAPL: North Sheetpile 

GROUNDWATER1 PL2-212A Mar 1992 PL2-212A Apr 2001 PL2-212B Aug 1992 PL2-212B Apr 2001 

 Chemical 
Solubility 

(µg/L) 

Worst Case 
Conc 
(µg/L) 

Percent 
Effective 
Solubility 

(%) 

Most Recent 
Data 

(µg/L) 

Percent 
Effective 
Solubility 

(%) 

Worst 
Case Conc

(µg/L) 

Percent 
Effective 
Solubility 

(%) 

Worst Case 
Conc 
(µg/L) 

Percent 
Effective 
Solubility 

(%) 

TCE 1,100,000 420,000 38.18% 78,000 7.1% 1 U 0.00% 1 U 0.00% 

cis-1,2-DCE 3,500,000 86,000 2.46% 35,000 1.0% 1.5 0.000043% 1 U 0.00% 

VC 2,400,000 25,000 1.04% 9,800 0.41% 1 U 0.00% 1.5 0.0001% 

 

SOIL2 
PL2-212A 1992 
Depth (feet bgs) 

PL2-212B 1992 
Depth (feet bgs) 

Chemical Units 1 11 13 5 10 15 28 30 35 40 

TCE µg/kg 28 J 1,000 J 23,000 540 48,000 6,900 2.4 J 2.2 15 3.3 

cis-1,2-DCE µg/kg 0.9 J 11,000 44,000 90 6,400 44,000 5.70 1.8 1.2 U 3.9 

VC µg/kg 2.1 U 750 1,800 2.3 U 1,300 U 340 2.5 U 2.4 U 2.4 U 2.4 U 

 

Predictors of DNAPL: South Sheetpile 

GROUNDWATER1 PL2-209A Feb 1992 PL2-209A Apr 2001 PL2-209B Aug 1992 PL2-209B Apr 2001 

Chemical µg/L         

TCE 1,100,000     32,000 2.91% 10 0.0009%  1 U  0.00%  1 U  0.00% 

cis-1,2-DCE 3,500,000  840 0.02% 930 0.03%  1 U  0.00%  1 U  0.00% 

VC 2,400,000  160 0.01% 100 0.00%  2 U  0.00%  1 U  0.00% 

 

SOIL2 
PL2-209A  1992 
Depth (feet bgs) 

PL2-209B 1992 
Depth (feet bgs) 

Chemical Units  2.5 7.5 12.5 5 10 15 20 33 45 50 55 

TCE µg/kg 6 2.9 27,000 4 2 32,000 300 150 90 45 120 

cis-1,2-DCE µg/kg 1.1 U 1.0 U 560 1 U 1.1 U ND 5.4 J 8.2 J 7.7 J 8.6 7.3 

VC µg/kg 2.1 U 1.9 U 44 2.1 U 2.3 U 410 J 11 U 11 U 11 U 11 U 10 U 

Notes:  
1 Groundwater concentrations measured from wells and Geoprobes in the 2-10 Area from 1992 through 2008 were used. 

   Groundwater concentrations are between 0.1% and 1.0% of solubility. 
   Groundwater concentrations are between 1.0 % and 10% of solubility. 
   Groundwater concentrations are greater than 10% of solubility. 

2 Soil concentrations measured from soil samples with well installation and probes  the 2-10 Area in 1992 (Febr- July) 
   Soil concentrations greater than 1,000 mg/kg (1,000,000 µg/kg). 
   Soil Concentrations greater than 10,000 mg/kg 10,000,000 µg/kg). 

Abbreviations:            
bgs Below ground surface         

Conc Concentration         
DNAPL Dense non-aqueous phase liquid         

DCE Dichloroethene         
TCE Trichloroethene         

U Undetected         
VC Vinyl chloride         

VOC Volatile organic compound         
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Table 2.4 
Data Needs Established Through Application of Data Quality Objectives 

DQO 
Process Step 

Application to 2-10 Building 
VOC Plumes Existing Data 

Additional Data Required to  
Support Interim Measures 

The problems 
to be resolved 

1. Contamination contained within 
the sheetpiles requires an on-
going performance monitoring 
program  for an unknown amount 
of time. 

2. Contamination outside of the 
North Sheetpile is reaching the 
Duwamish and is being measured 
in Shoreline Monitoring Wells at 
elevated concentrations. 

3. Contamination within or around 
the sheetpiles may pose a risk 
due to vapor intrusion into the 2-
10 Building. 

 Historical data throughout the 2-10 
Building can be used to define the 
historical nature and extent of the 
plumes.  Data also shows that 
reduction dechlorination is occurring. 

 2001 study indicates that the 
sheetpiles were controlling sheetpile 
contaminant and groundwater 
migration from the plume area 
contained within the sheetpiles. 

 Shoreline monitoring results indicated 
that Wells PL2-258A and B continue to 
have elevated concentrations of DCE 
and VC. 

 Data for groundwater within the sheetpile 
enclosures and the area immediately 
surrounding the enclosures is 7 years old.  
Given the rapid degradation rates observed 
between 1992 and 2002, the data needs to 
be updated to determine where 
contamination remains and at what levels. 

 Data is needed in soil and ambient air to 
access the potential for vapor intrusion into 
the 2-10 Building. 

The boundaries 
of the study 

Horizontal and vertical boundaries of 
VOC plumes from source areas (prior 
releases from 2-10 Building 
degreasers) to the discharge point at 
the Waterway and under-slab for 
potential vapor intrusion exposure 
pathway. 

Historical data within and near north and 
south sheetpile enclosures. 

Shoreline monitoring results.  

Data on current conditions. 

Indoor air vapor samples (see associated plan). 

The decisions 
needed to 

resolve the 
problem: 

1) Nature 
and 

extent 

1a. To what extent is vapor intrusion 
occurring into the 2-10 Building?  
Does it pose an unacceptable risk 
under the RCRA Order? 

Historical VOC concentrations in soil and 
groundwater indicate the potential for 
vapor intrusion into the building. During the 
RFI, Boeing conducted indoor air sampling 
related to industrial exposure scenarios 
and determined that existing conditions (at 
that time) met the applicable industrial 
standards. Since that time, the science and 
understanding of physical processes 
associated with vapor migration into 
structures and monitoring for potential 
indoor air exposure have developed and 
evolved with new regulatory guidance. 

Current indoor air samples are needed to 
reassess the pathway and potential risk.  
Unsaturated soil and soil vapor samples should 
also be collected in a similar time frame to assist 
in understanding the potential for a reservoir of 
contamination. 

1b. Do VOCs in the unsaturated zone 
(soil and soil vapor) act as a 
source of contamination to 
groundwater and/or indoor air? 

Historical unsaturated soil data indicates 
that significant source materials may 
remain in the vadose zone. 

Current soil samples, soil vapor and groundwater 
contamination levels must be measured within 
the enclosures to determine the current levels.  

1c. What are the geochemical 
conditions within and outside of 
the sheetpile structures and how 
will these support further reductive 
chlorination? 

Selected wells for the two degreaser 
plumes were monitored through 2002; the 
Shoreline monitoring wells have been 
monitored through 2008.  Existing data 
indicates downward trends in VOC 
concentrations due to reductive 
dechlorination. 

Current groundwater geochemical conditions, 
both within and outside of the sheetpiles, need to 
be assessed to understand the existing biological 
processes and to predict the success of further 
enhanced biological processes. 

1d. Do the existing data adequately 
define the plume boundaries for IM 
design? 

Historical and current VOC data from A 
and B-zone wells within the sheetpile 
enclosures, and A/B/C-zone wells just 
downgradient. 

A data gap was identified within the North 
Sheetpile at the C level where a silt layer may be 
protecting the deeper PL2-258C well.  A 
Geoprobe at the top of the deep silt layer would 
fill this potential data gap (and provide further 
information regarding the potential presence, or 
absence, of DNAPL).  A data gap was identified 
near the former degreaser in the Chem Mill Area. 
Existing A-zone wells (PL2-210A, PL2-240A and 
PL2-271A) do not indicate a release but a one-
time sampling of the B-zone is recommended. A 
Geoprobe at 50 ft near PL2-210A would fill this 
potential data gap. 

1e. Have decreasing trends for VOC 
contamination continued within the 
sheetpile enclosures? 

Historical data establish degradation rates 
for the VOCs within the sheetpile 
enclosure through 2002. 

Data are needed to determine if concentrations 
continued to decrease at the previous rate and 
what current conditions are within the source 
area. 

1f. Have decreasing trends for VOC 
contamination continued outside 
the sheetpile enclosures? 

Historical data establish attenuation rates 
for VOCs through 2002 for the area 
immediately surrounding the sheetpile 
enclosures.  Data are available through 
2008 for the shoreline protection wells. 

Data are needed to determine if concentrations 
continued to decrease at the previous rate and 
what the current conditions are outside the 
contained source area, especially at the North 
Sheetpile. 

2) IM design 
and selection 

considerations 

2a. If a vapor intrusion pathway exists, 
will SVE control it adequately? 

Historical data for VOCs in soil and 
groundwater.  No data are available on soil 
vapor concentrations or the viability of SVE 
within the sheetpile enclosures. 

If a vapor intrusion pathway is or may become 
complete, an SVE IM is expected to be the most 
efficient and effective in controlling any vapor 
intrusion that may be occurring. 

2b. If VOCs are present in soil vapor 
at elevated levels, is SVE an 
appropriate means of controlling or 
eliminating the contaminant mass 
and what kind of VOC loading 
should be expected from SVE 

Historical data for VOCs in soil and 
groundwater. No data are available on soil 
vapor concentrations or the viability of SVE 
within the sheetpile enclosures. 

Soil vapor data for VOCs (TCE, DCE, and VC) 
are needed to determine inventory and design 
SVE and off-gas treatment system.  

This needs to be paired with soil data to estimate 
the ability of SVE to remove significant mass 
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DQO 
Process Step 

Application to 2-10 Building 
VOC Plumes Existing Data 

Additional Data Required to  
Support Interim Measures 

operation? from a vadose zone source. 

2c. How have groundwater 
geochemical conditions changed 
and is enhanced reductive 
dechlorination still the correct 
choice for the IM? 

Historical data indicates that reductive 
dechlorination is occurring and can be 
enhanced by adding appropriate nutrients. 

Current conditions are needed to both confirm 
the basic assumption and to design the 
appropriate nutrient amendments and treatment 
locations. 

2d. How will ERD affect current 
degradation rates inside the 
sheetpile enclosure? 

Historical rates information is available. Baseline measurements of CVOC 
concentrations, geochemical conditions, and 
nutrient status are needed both before and 
during the IM to assess how an IM is performing. 

2) IM design 
and selection 

considerations 
(continued) 

2e. How will ERD affect current 
degradation rates outside the 
sheetpile enclosure? 

Historical rates information is available.   
In addition, Shoreline Monitoring data is 
available since 2001 for critical wells 
outside and downgradient of the 
sheetpiles. 

Baseline measurements of CVOC 
concentrations, geochemical conditions, and 
nutrient status are needed both before and 
during the IM to access how an IM is performing.  

Abbreviations: 
CM Corrective Measure 

cVOC Chlorinated VOC 
DCE Dichloroethenes 

DNAPL Dense non-aqueous phase liquid 
ERD Enhanced reductive dechlorination 

IM Interim Measure 
RCRA Resource Conservation and Recovery Act 

SVE Soil vapor extraction 
TCE Trichloroethene 

VC Vinyl chloride 
VOC Volatile organic compound 
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Table 3.1 
Groundwater Monitoring Well Descriptions 

North Sheetpile Area Analyte Groups 

Well ID 

Ground/slab 
Elevation 

(ft NVGD 29) 

Screened 
Interval 

(feet bgs) 

Total 
Depth 

(ft bgs)
Aquifer 
Level VOCs1 TOC2 

Selected 
Dissolved 

Metals3 
Dissolved 

Gases4 DHE5

Major 
Cations 

and 
Anions6 

PL2-212A 13 6–16 16 A X X X X X X 
PL2-212B 13 40–55 55 B X** X X    
PL2-218A 13.66 15–30 30 A X** X X X X X 
PL2-218B 13.66 45–60 60 B X** X X X X  
PL2-244A 13 15–20 20 A X X X    
PL2-245A 13 15–20 20 A X      
PL2-247A 13 15–20 20 A X      
PL2-249A 13 15–20 20 A X      
PL2-268AR NA 30–34.5 34.5 A X      
PL2-269A 13 31–36 36 A X      

PL2-258A7 13.45 8–23 23 A X7      

PL2-258B7 13.45 40–50 50 B X7      

PL2-258C7 13.45 92–100 100 C X7      

PL2-259B 13.4 40–50 50 B X      
PL2-248A 12.36 15–20 20 A X      
New probe 
Near 
PL2-218B 

NA ~ 85  85 B-C X      

New probe 
Near 
PL2-210A 

NA ~ 50 50 B X      

South Sheetpile Area Analyte Groups 

Well ID 

Ground/slab 
Elevation 

(ft NVGD 29) 

Screened 
Interval 

(feet bgs) 

Total 
Depth 

(ft bgs)
Aquifer 
Level VOCs1 TOC2 

Selected 
Dissolved 

Metals3 
Dissolved 

Gases4 DHE5 Alkalinity6

PL2-209A 13 8–18 18 A X X X X X X 
PL2-209B 13.68 40–55 55 B X X X    
PL2-252A 12.63 12.5–17.5 17.5 A X X X    
PL2-253A 13.14 12.5–17.5 17.5 A X X X X  X 
PL2-254A 13.06 12.5–17.5 17.5 A X      
PL2-255A 13.15 12.5–17.5 17.5 A X      
PL2-256A 12.82 12.5–17.5 17.5 A X      
PL2-257A 13.01 12.5–17.5 17.5 A X      
PL2-266A NA 26–30.2 30.2 A X      

PL2-214A7 13 15–30 30 A X7      

PL2-214B7 13 45–60 60 B X7      

PL2-214C7 13 75.5–85.5 80 C X7      

PL2-262B 13.49 40–50 50 B X      
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Notes: 
** These selected wells will be sampled with passive diffusion bags (PDBs) for VOCs to identify 

stratification of the VOC plume (if any) over the screen interval; one PDB will be placed near the top of 
the screened interval; the other will be placed near the bottom of the screened interval. PDBs will be 
placed in the wells a minimum of 2 weeks before sample collection. 

X Indicates planned sample/analysis. 
1 VOCs by Method 8260B. 
2 TOC by Method 415.1. 
3 Dissolved metal for arsenic (Method 200.8) and manganese (Method 6010B). 
4 Dissolved gases by RSK-175. 
5 DHE by Bio-Dechlor Census Test RT-PCR. 
6 Alkalinity by 300.1. 
7 Sampled for VOCs in Shoreline monitoring program. 

Abbreviations: 
bgs Below ground surface 

DHE Dehalococcoides 
ft Feet 

NA Not available 
NGVD National Geodetic Vertical Datum, 1929 

TOC Total organic carbon 
VOC Volatile organic compound 
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Table 3.2 
Soil Sampling Locations 

Soil 
Sampling 
Location 

Planned 
Sampling 

Depth 
(feet bgs) 

Analytes1

VOCs 
Grain Size 
Analysis2 

Location Description 
(Relative to Prior Soil 

Sampling) 

North Sheetpile 

SSL1 5, 10 X X Near PL2-212A 

SSL2 5, 10 X X Near PL2-212B 

SSL3 10 X  Near D43 

SSL4 10, 153 X  Near PL2-218A 

South Sheetpile 

SSL5 5, 10 X X Near PL2-209A 

SSL6 5, 10 X  Near PL2-209B 

SSL7 5, 10 X  Near E18 

Notes: 
X Indicates planned sample/analysis. 
1 VOCs by 5035/8260B. 
2 
3 

Grain size by ASTM D422. 
Sample is to be taken from the tidal smear zone to determine if TCE residues are present. 
As noted above, this sample location is planned to be near/close to existing Well PL2-
218A (screened from 15–30 ft  bgs); Well PL2-218A will be sampled (groundwater sample) 
as part of this IM to collect representative data in this location (Table 3.1). 

Abbreviations: 
bgs Below ground surface 

VOC Volatile organic compound 
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Table 3.3 
Soil Vapor Sampling Locations 

Soil Vapor 
Sampling 
Location 

Planned 
Sampling 

Depth 
(feet bgs) 

Analytes 

VOCs1 

Description of Location 
(Relative to Prior Soil 

Sampling) 

North Sheetpile  

SSL1 8 X near PL2-212A 

SSL4 8 X near PL2-218A 

South Sheetpile 

SSL5 8 X near PL2-209A 

SSL7 8 X near E18 

Notes: 
X Indicates planned sample/analysis. 
1 VOCs by TO-15. 

Abbreviations: 
bgs Below ground surface 

VOC Volatile organic compound 
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PL2-209A

1992 North Degreaser 1992 South Degreasers

Chem Mill 
Area

TCE Degreaser
Pit

TCE           380,000
cis-DCE       53,000
trans-DCE <25,000
VC             <50,000

TCE                <1
cis-DCE         1.5
trans-DCE      <1
VC                  <2

TCE                <1
cis-DCE       0.5J
trans-DCE      <1
VC                  <2

TCE                790
cis-DCE       2,000
trans-DCE      110
VC                  810

TCE                 68
cis-DCE      2,500
trans-DCE     <10
VC                 <20

TCE                 <1
cis-DCE           <1
trans-DCE       <1
VC                   <2

TCE                <1
cis-DCE          <1
trans-DCE      <1
VC                  <2

TCE         420,000
cis-DCE     86,000
trans-DCE   2,500
VC             25,000

TCE                 <1
cis-DCE           <1
trans-DCE       <1
VC                   <2

TCE                 <1
cis-DCE           <1
trans-DCE       <1
VC                   <2

TCE                4.2
cis-DCE           31
trans-DCE       <1
VC                   10

TCE                 <1
cis-DCE           <1
trans-DCE       <1
VC                   <2 TCE                 <1

cis-DCE          2.2
trans-DCE       <1
VC                   <2

TCE            9,300
cis-DCE      1,100
trans-DCE   <500
VC             <1000

TCE                4.2
cis-DCE           31
trans-DCE       <1
VC                   <2

TCE          32,000
cis-DCE         840
trans-DCE   <500
VC             <1000
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TCE                    8
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TCE                 ND
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cis-DCE          ND
trans-DCE      ND
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cis-DCE          ND
trans-DCE      ND
VC                  ND

TCE                 ND
cis-DCE          ND
trans-DCE      ND
VC                  2.3

Concentrations (µg/L) shown are from March 1995 unless otherwise 
noted with *, then August 1992 presented 
(if data not available for March 1995)

TCE                 ND
cis-DCE          53
trans-DCE      13
VC                 160

TCE                 ND
cis-DCE          1.6
trans-DCE      ND
VC                  ND

TCE                170
cis-DCE         780
trans-DCE       91
VC                 580

TCE                  32
cis-DCE         940
trans-DCE       72
VC                 950

TCE                 ND
cis-DCE          ND
trans-DCE      ND
VC              0.022

TCE                 ND
cis-DCE          ND
trans-DCE      ND
VC              0.054

TCE *              790
cis-DCE*      2000
trans-DCE*    110
VC*                810

TCE*                68
cis-DCE*      2500
trans-DCE*     ND
VC*                 ND

TCE*               ND
cis-DCE*        1.5
trans-DCE*     ND
VC*                 ND

TCE*        380000
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VC                  ND

Concentrations (µg/L) shown are from April 2001
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TCE*               ND
cis-DCE*        ND
trans-DCE*    ND
VC*                ND

Concentrations (µg/L) shown are from October 1995 unless otherwise 
noted with *, then August 1992 presented 
(if data not available for October 1995)

Concentrations (µg/L) shown are from April 2001
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TCE *          32000
cis-DCE*        840
trans-DCE*      37
VC*                160

TCE *              ND
cis-DCE*        ND
trans-DCE*    ND
VC*                ND

TCE*              ND
cis-DCE*        ND
trans-DCE*    ND
VC*                ND
TCE *              4.2
cis-DCE*         31
trans-DCE*    ND
VC*                 10

TCE*               ND
cis-DCE*        ND
trans-DCE*    ND
VC*                ND

TCE                ND
cis-DCE         ND
trans-DCE     ND
VC                 ND

TCE                 20
cis-DCE        720
trans-DCE     2.4
VC                100

TCE               650
cis-DCE      1200
trans-DCE     3.4
VC                  74

TCE                ND
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Table A.1
Groundwater Data Compilation

Boeing Plant 2

Group 1: Area 2-10 North Steetpile Group 2: Area 2-10 South Steetpile

Location Date Top (ft) Bottom (ft) Location Date Top (ft) Bottom (ft)

GP‐01001 7/12/1994 15 15 1 U na 1 U 1 U 1,000 U GP‐01060 7/12/1994 15 15 1 U na 1 U 1 U 1,000 U
GP‐01002 7/12/1994 15 15 1 U na 1 U 1 U 1,000 U GP‐01060 7/12/1994 25 25 1 U na 1 U 1 U 1,000 U
GP‐01003 7/12/1994 15 15 8 na 1 U 1 U 1,000 U GP‐01060 7/12/1994 45 45 1 U 1 U 1 U 1 U 0.2 U
GP‐01030 8/15/1994 14 14 1 U 1 U 1 U 1 U 0.034 GP‐01061 7/13/1994 15 15 1 U na 1 U 1 U 1,000 U
GP‐01030 8/15/1994 24 24 1 U 1 U 1 U 1 U 0.092 GP‐01061 7/13/1994 25 25 1 U na 1 U 1 U 1,000 U
GP‐01031 9/15/1994 13 13 1 U 1 U 1 U 1 U 0.055 GP‐01061 7/13/1994 45 45 1 U na 1 U 1 U 1,000 U
GP‐01031 9/15/1994 23 23 1 U 1 U 1 U 1 U 0.048 GP‐01062 7/13/1994 15 15 1 U na 1 U 1 U 1,000 U
GP‐01032 8/17/1994 14 14 1 U 1 U 1 U 1 U 1.1 GP‐01062 7/13/1994 25 25 1 U na 1 U 1 U 1,000 U
GP‐01032 8/17/1994 24 24 1 U 1 U 1 U 1 U 0.024 GP‐01062 7/13/1994 45 45 1 U na 1 U 1 U 1,000 U
GP‐01033 9/6/1994 13 13 1 U 1 U 1 U 1 U 0.02 U GP‐01063 7/13/1994 15 15 1 U na 1 U 1 U 1,000 U
GP‐01033 9/6/1994 23 23 1 U 1 U 1 U 1 U 0.02 U GP‐01063 7/13/1994 25 25 1 U na 1 U 1 U 1,000 U
GP‐01040 7/12/1994 15 15 1 U na 1 U 1 U 1,000 U GP‐01063 7/14/1994 45 45 1 U 1 U 1 U 1 U 0.2 U
GP‐01040 7/12/1994 25 25 1 U na 1 U 1 U 1,000 U GP‐01064 2/16/1995 15 15 1 U 1 U 1 U 1 U 0.4
GP‐01040 7/12/1994 45 45 1 U na 1 U 1 U 1,000 U GP‐01065 6/21/1995 15 15 1 U 1 U 1 U 1 U 0.34
GP‐01041 7/11/1994 15 15 1 U 1 U 48 24 64 GP‐01065 4/3/2001 20 20 1.5 1 U 19 1 U 1 U
GP‐01041 7/11/1994 25 25 1 U na 1 U 1 U GP‐01065 6/21/1995 25 25 1 U 1 U 1 U 1 U 0.02
GP‐01041 7/11/1994 45 45 1 U na 1 U 1 U GP‐01065 4/3/2001 30 30 1 U 1 U 1 U 1 U 1 U
GP‐01041 7/14/1994 55 55 1 U 1 U 260 1 U 0.37 GP‐01065 4/3/2001 40 40 1 U 1 U 1 U 1 U 1 U
GP‐01042 7/11/1994 17 17 860 na 5,410 574 1,710 GP‐01065 6/21/1995 45 45 1 U 1 U 1 U 1 U 0.01 U
GP‐01042 7/11/1994 25 25 1 U na 1 U 1 U 1,000 U GP‐01066 6/21/1995 15 15 1 U 1 U 1 U 1 U 0.01 U
GP‐01042 7/11/1994 45 45 1 U na 1 U 1 U 1,000 U GP‐01066 4/3/2001 20 20 1 U 1 U 1 U 1 U 1 U
GP‐01043 7/12/1994 17 17 1 U na 1 U 1 U 1,000 U GP‐01066 6/21/1995 25 25 1 U 1 U 1 U 1 U 0.01 U
GP‐01043 7/12/1994 25 25 1 U na 1 U 1 U 1,000 U GP‐01066 4/3/2001 30 30 1 U 1 U 1 U 1 U 1 U
GP‐01043 7/12/1994 45 45 1 U 1 U 1 U 1 U 0.2 U GP‐01066 4/3/2001 40 40 1 U 1 U 1 U 1 U 1 U
GP‐01044 7/25/1995 15 15 1 U 1 U 1 U 1 U 0.076 GP‐01066 6/21/1995 45 45 1 U 1 U 1 U 1 U 0.01 U
GP‐01044 7/25/1995 25 25 1 U 1 U 1 U 1 U 0.71 GP‐01067 4/2/2001 20 20 1 U 1 U 1 U 1 U 1 U
GP‐01044 7/25/1995 45 45 1 U 1 U 2.4 1 U 0.01 U GP‐01067 4/2/2001 30 30 1 U 1 U 1 U 1 U 1 U
GP‐01044 7/25/1995 65 65 1 U 1 U 1 U 1 U 0.01 U GP‐01067 4/2/2001 40 40 1 U 1 U 1 U 1 U 1 U
GP‐01045 4/4/2001 20 20 1 U 1 U 1 U 1 U 1.6 GP‐01068 4/3/2001 20 20 1 U 1 U 1 U 1 U 1 U
GP‐01045 4/4/2001 30 30 1 U 1 U 1 U 1 U 1 U GP‐01068 4/3/2001 30 30 1 U 1 U 1 U 1 U 1 U
GP‐01045 4/4/2001 40 40 1 U 1 U 1 U 1 U 1 U GP‐01068 4/3/2001 40 40 1 U 1 U 1 U 1 U 1 U
GP‐01046 4/4/2001 20 20 1 U 1 U 1 U 1 U 1 U GP‐01069 4/2/2001 20 20 1 U 1 U 1 U 1 U 1 U
GP‐01046 4/4/2001 30 30 1 U 1 U 1 U 1 U 1 U GP‐01069 4/2/2001 30 30 1 U 1 U 1 U 1 U 1 U
GP‐01046 4/4/2001 40 40 1 U 1 U 1 U 1 U 1 U GP‐01069 4/2/2001 40 40 1 U 1 U 1 U 1 U 1 U

GP‐01501 9/14/1994 13 13 1 U 1 U 1 U 1 U 0.022
GP‐01501 9/14/1994 23 23 1 U 1 U 1 U 1 U 0.042
GP‐01502 9/14/1994 13 13 1 U 1 U 1 U 1 U 0.075
GP‐01502 9/15/1994 23 23 1 U 1 U 1 U 1 U 0.075
GP‐01503 9/14/1994 13 13 1 U 1 U 1 U 1 U 0.02 U
GP‐01503 9/14/1994 23 23 1 U 1 U 1 U 1 U 0.14
GP‐01505 2/17/1995 15 15 1 U 1 U 1 U 1 U 0.02 U
GP‐01505 2/17/1995 25 25 1 U 1 U 1 U 1 U 0.02 U
GP‐01506 2/17/1995 15 15 1 U 1 U 1 U 1 U 0.02 U
GP‐01506 2/17/1995 25 25 1 U 1 U 1 U 1 U 0.02 U
GP‐01507 2/17/1995 15 15 1 U 1 U 1 U 1 U 0.02 U
GP‐01507 2/17/1995 25 25 1 U 1 U 1 U 1 U 0.02 U

Groundwater Samples from Geoprobe 1,1‐DCE
(µg/L)

cis‐1,2‐DCE
(µg/L)

trans‐1,2‐DCE
(µg/L)

VC
(µg/L)

TCE
(µg/L)

1,1‐DCE
(µg/L)

cis‐1,2‐DCE
(µg/L)

Groundwater Samples from Geoprobe trans‐1,2‐DCE
(µg/L)

VC
(µg/L)

TCE
(µg/L)
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Table A.1
Groundwater Data Compilation

Boeing Plant 2

Group 1: Area 2-10 North Steetpile Group 2: Area 2-10 South Steetpile

Location Date Top (ft) Bottom (ft) Location Date Top (ft) Bottom (ft)
HP‐AL‐20 8/20/1990 23 23 1 U 1 U 1 U 1 U 1 U PL2‐206A 2/28/1992 7.5 17.5 1 U 1 U 1 U 1 U 2 U
PL2‐201A 2/25/1992 9 19 1 U 1 U 1 U 1 U 2 U PL2‐208A 3/18/1992 7 16.5 1 U 1 U 4.3 1 U 2 U
PL2‐202A 2/25/1992 8 18 1 U 1 U 1 U 1 U 2 U PL2‐208A 8/20/1992 7 16.5 1 U 1 U 2.2 1 U 2 U
PL2‐202A 8/24/1992 8 18 1 U 1 U 1.2 1 U 2 U PL2‐209A 2/28/1992 8 17.5 32,000 B 17 840 37 160
PL2‐203A 2/26/1992 9 19 1 U 1 U 1 U 1 U 2 U PL2‐209A 8/20/1992 8 17.5 9,300 500 U 1,100 500 U 1,000 U
PL2‐204A 2/26/1992 7.5 17.5 1 U 1 U 1 U 1 U 2 U PL2‐209A 4/19/2001 8 17.5 10 UJ 10 UJ 930 10 UJ 100
PL2‐205A 2/26/1992 8 18 1 U 1 U 1 U 1 U 2 U PL2‐214A 8/18/1992 15 30 4.2 1 U 31 1 U 10
PL2‐207A 2/26/1992 8 18 1 U 1 U 1 U 1 U 2 U PL2‐214A 3/13/1995 15 30 1 U 1 U 1 U 1 U 18

PL2‐210A 3/5/1992 6 16 8.3 1 U 1 U 1 U 2 U PL2‐214A 8/7/1995 15 30 1 U 1 U 1 U 1 U 10
PL2‐210A 8/20/1992 6 16 1 U 1 U 1 U 1 U 2 U PL2‐214A 11/16/1995 15 30 1 U 1 U 1 U 1 U 2.4
PL2‐210A 3/13/1995 6 16 1 U 1 U 1 U 1 U 0.022 PL2‐214A 2/27/1996 15 30 1 U 1 U 1.9 1 U 47

PL2‐211A 2/25/1992 9 19 1 U 1 U 1 J 1 U 1.2 N PL2‐214A 5/21/1996 15 30 1 U 1 U 1 U 1 U 2.9
PL2‐211A 8/26/1992 9 19 1 U 1 U 0.5 N 1 U 2 U PL2‐214A 8/21/1996 15 30 1 U 1 U 1 U 1 U 10
PL2‐211A 8/9/2002 9 19 1 U 1 U 1 U 1 U 1 U PL2‐214A 11/18/1996 15 30 6.1 1 U 120 1 U 74

PL2‐212A 3/5/1992 6 16 420,000 500 86,000 2,500 25,000 PL2‐214A 4/25/2001 15 30 1 U 1 U 1 U 1 U 1 UJ
PL2‐212A 8/20/1992 6 16 380,000 25,000 U 53,000 25,000 U 50,000 U PL2‐214A 7/25/2001 15 30 1 U 1 U 1 U 1 U 1 U
PL2‐212A 4/18/2001 6 16 78,000 500 U 35,000 1,300 9,800 PL2‐214A 11/5/2001 15 30 1 U 1 U 1 U 1 U 1 UJ

PL2‐223A 8/11/1995 14 19 1 U 1 U 1 U 1 U 0.01 U PL2‐214A 1/23/2002 15 30 1 U 1 U 1 U 1 U 1 U
PL2‐223A 11/14/1995 14 19 1 U 1 U 1 U 1 U 0.01 U PL2‐214A 6/19/2003 15 30 1 U 1 U 1 U 1 U 1 U
PL2‐223A 2/28/1996 14 19 1 U 1 U 1 U 1 U 2 U PL2‐214A 9/3/2003 15 30 1 U 1 U 1 U 1 U 1 U
PL2‐223A 8/22/1996 14 19 1 U 1 U 1 U 1 U 2 U PL2‐214A 12/10/2003 15 30 1 U 1 U 1 U 1 U 1 U
PL2‐224A 11/30/1990 10 20 2 U 2 U 2 U PL2‐214A 2/3/2004 15 30 1 U 1 U 1 U 1 U 1 U
PL2‐225A 11/30/1990 10 20 2 U 2.6 2 U PL2‐214A 5/11/2004 15 30 1 U 1 U 1 U 1 U 1 UJL
PL2‐226A 11/30/1990 10 20 2 U 2 U 2 U PL2‐214A 8/4/2004 15 30 1 U 1 U 1 U 1 U 1 U

PL2‐240A 12/15/1993 11.5 21.5 1 U 1 U 1 U 1 U 2 U PL2‐214A 11/2/2004 15 30 1 U 1 U 1 U 1 U 1 U
PL2‐240A 8/14/1995 11.5 21.5 1 U 1 U 1 U 1 U 0.054 PL2‐214A 1/31/2005 15 30 1 UJ 1 UJ 1 UJ 1 UJ 1 UJ
PL2‐240A 11/17/1995 11.5 21.5 1 U 1 U 1 U 1 U 0.23 PL2‐214A 5/4/2005 15 30 1 U 1 U 1 U 1 U 1 U
PL2‐240A 2/27/1996 11.5 21.5 1 U 1 U 1 U 1 U 2 U PL2‐214A 8/4/2005 15 30 1 U 1 U 1 U 1 U 1 U
PL2‐240A 5/20/1996 11.5 21.5 1 U 1 U 1 U 1 U 2 U PL2‐214A 11/1/2005 15 30 1 U    1 U    1 U    1 U    1 U    
PL2‐240A 8/21/1996 11.5 21.5 1 U 1 U 1 U 1 U 2 U PL2‐214A 2/8/2006 15 30 1 U 1 U 1 U 1 U 1 U
PL2‐240A 11/18/1996 11.5 21.5 1 U 1 U 2.2 1 U 2 U PL2‐214A 5/3/2006 15 30 1 U 1 U 1 U 1 U 1 U

PL2‐244A 10/7/1994 15 20 120 20 U 950 32 530 PL2‐214A 8/3/2006 15 30 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U
PL2‐244A 10/7/1994 15 20 110 10 U 920 32 480 PL2‐214A 11/8/2006 15 30 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U
PL2‐244A 10/7/1994 15 20 120 20 U 950 32 530 PL2‐214A 2/5/2007 15 30 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U
PL2‐244A 11/11/1994 15 20 76 5 U 460 14 160 PL2‐214A 5/8/2007 15 30 1 U 1 U 1 U 1 U 1 U
PL2‐244A 12/9/1994 15 20 62 3.9 710 27 360 PL2‐214A 8/7/2007 15 30 1 U 1 U 1 U 1 U 1 U
PL2‐244A 12/9/1994 15 20 57 4.6 670 32 460 PL2‐214A 11/15/2007 15 30 1 U 1 U 1 U 1 U 1 U
PL2‐244A 1/21/1995 15 20 66 J 8.9 J 800 58 J 270 PL2‐214A 2/7/2008 15 30 1 U 1 U 1 U 1 U 1 U
PL2‐244A 2/17/1995 15 20 57 7.2 840 44 560 PL2‐214A 8/3/2008 15 30 1 U 1 U 1 U 1 U 1 U
PL2‐244A 3/17/1995 15 20 32 8 940 72 950 PL2‐214A 2/5/2009 15 30 1 U 1 U 1 U 1 U 1 U
PL2‐244A 4/21/1995 15 20 34 7.9 1,600 88 700 PL2‐216A 8/19/1992 15 30 1 U 1 U 1 U 1 U 2 U

PL2‐244A 5/24/1995 15 20 42 8 1,700 88 780 PL2‐227A 4/26/2001 6 16.5 1 U 1 U 1 U 1 U 1 UJ
PL2‐244A 6/15/1995 15 20 22 5.8 1,000 76 530 PL2‐227A 11/5/2001 6 16.5 1 U 1 U 1 U 1 U 1 U
PL2‐244A 7/19/1995 15 20 46 5 750 62 430 PL2‐227A 6/18/2003 6 16.5 1 U 1 U 1 U 1 U 1 U
PL2‐244A 8/17/1995 15 20 20 3.8 690 53 350 PL2‐227A 12/11/2003 6 16.5 1 U 1 U 1 U 1 U 1 U
PL2‐244A 9/22/1995 15 20 37 4.9 830 62 260 PL2‐227A 11/2/2004 6 16.5 1 U 1 U 1 U 1 U 1 U
PL2‐244A 4/16/2001 15 20 2 1 U 50 6.5 180 PL2‐227A 5/4/2005 6 16.5 1 U 1 U 1 U 1 U 1 U
PL2‐244A 7/30/2001 15 20 1 U 1 U 12 2.5 61 PL2‐227A 8/3/2005 6 16.5 1 U 1 U 1 U 1 U 1 U
PL2‐244A 10/29/2001 15 20 1 U 1 U 3.4 1.1 16 PL2‐227A 11/1/2005 6 16.5 1 U    1 U    1 U    1 U    1 U    
PL2‐244A 1/31/2002 15 20 1 U 1 U 12 3.6 150 PL2‐227A 11/9/2006 6 16.5 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U
PL2‐245A 4/16/2001 15 20 28 15 UJ 220 16 170 H PL2‐227A 11/13/2007 6 16.5 1 U 1 U 1 U 1 U 1 U

PL2‐227A 8/5/2008 6 16.5 1 U 1 U 1 U 1 U 1 U

A Level Groundwater Wells cis‐1,2‐DCE
(µg/L)

A Level Groundwater WellsTCE
(µg/L)

1,1‐DCE
(µg/L)

cis‐1,2‐DCE
(µg/L)

trans‐1,2‐DCE
(µg/L)

VC
(µg/L)

TCE
(µg/L)

1,1‐DCE
(µg/L)

trans‐1,2‐DCE
(µg/L)

VC
(µg/L)
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Table A.1
Groundwater Data Compilation

Boeing Plant 2

Group 1: Area 2-10 North Steetpile Group 2: Area 2-10 South Steetpile

Location Date Top (ft) Bottom (ft) Location Date Top (ft) Bottom (ft)
PL2‐245A 10/7/1994 15 20 400 13 1,300 110 690 PL2‐230A 12/20/1993 5 20 1 U 1 U 1.8 1 U 2 U

PL2‐245A 10/7/1994 15 20 500 20 U 1,500 130 840 PL2‐231A 12/20/1993 5 20 1 U 1 U 1 U 1 U 2 U
PL2‐245A 11/11/1994 15 20 200 10 U 680 48 220 PL2‐231A 3/13/1995 5 20 1 U 1 U 1 U 1 U 0.45

PL2‐245A 12/9/1994 15 20 230 6.1 980 76 520 PL2‐232A 5/17/2001 5 20 1 U 1 U 1 U 1 U 1 U
PL2‐245A 12/9/1994 15 20 240 7 1,100 80 540 PL2‐232A 7/24/2001 5 20 1 U 1 U 1 U 1 U 1 U
PL2‐245A 1/21/1995 15 20 58 6.8 950 87 350 PL2‐232A 11/5/2001 5 20 1 U 1 U 1 U 1 U 1 U
PL2‐245A 2/17/1995 15 20 120 7.7 900 68 800 PL2‐232A 1/23/2002 5 20 1 U 1 U 1 U 1 U 1 U
PL2‐245A 3/17/1995 15 20 170 6.4 780 91 580 PL2‐232A 6/18/2003 5 20 1 U 1 U 1 U 1 U 1 U
PL2‐245A 4/21/1995 15 20 150 6.6 1,300 100 970 PL2‐232A 12/10/2003 5 20 1 U 1 U 1 U 1 U 1 U
PL2‐245A 5/24/1995 15 20 200 12 2,300 150 1,200 PL2‐232A 5/11/2004 5 20 1 U 1 U 1 U 1 U 1 UJL
PL2‐245A 6/15/1995 15 20 150 11 2,500 150 1,600 PL2‐232A 12/20/1993 5 20 1 U 1 U 1 U 1 U 3
PL2‐245A 7/19/1995 15 20 120 9.6 960 100 440 PL2‐232A 8/15/1995 5 20 1 U 1 U 1 U 1 U 3.4
PL2‐245A 8/17/1995 15 20 110 6.5 870 81 240 PL2‐232A 11/17/1995 5 20 1 U 1 U 1 U 1 U 2.3
PL2‐245A 9/22/1995 15 20 94 4.9 680 65 210 PL2‐232A 2/28/1996 5 20 1 U 1 U 1 U 1 U 3.5
PL2‐245A 7/30/2001 15 20 18 1 U 190 14 70 PL2‐232A 5/22/1996 5 20 1 U 1 U 1 U 1 U 2.3
PL2‐245A 10/29/2001 15 20 16 1 U 300 15 76 PL2‐232A 8/22/1996 5 20 1 U 1 U 1 U 1 U 4.7
PL2‐245A 1/31/2002 15 20 11 1 U 220 19 120 PL2‐232A 11/19/1996 5 20 1 U 1 U 1 U 1 U 2.4

PL2‐246A 10/7/1994 15 20 1 U 1 U 3.8 1 U 3.2 PL2‐232A 11/2/2004 5 20 1 U 1 U 1 U 1 U 1 U
PL2‐246A 10/7/1994 15 20 1 U 1 U 3.7 1.2 3.2 PL2‐232A 5/4/2005 5 20 1 U 1 U 1 U 1 U 1 U
PL2‐246A 10/7/1994 15 20 1 U 1 U 3.8 1 U 3.2 PL2‐232A 8/3/2005 5 20 1 U 1 U 1 U 1 U 1 U
PL2‐246A 11/11/1994 15 20 460 1 U 39 1.1 4.8 PL2‐232A 11/1/2005 5 20 1 U    1 U    1 U    1 U    1 U    
PL2‐246A 12/9/1994 15 20 2.7 1 U 14 1 U 2 U PL2‐232A 5/3/2006 5 20 1 U 1 U 1 U 1 U 1 U
PL2‐246A 12/9/1994 15 20 4.4 1 U 7.2 1 U 2 U PL2‐232A 11/8/2006 5 20 0.2 U 0.2 U 0.2 U 0.2 U 0.4
PL2‐246A 1/20/1995 15 20 7.9 1 U 4.2 1 U 3.1 PL2‐232A 5/8/2007 5 20 1 U 1 U 1 U 1 U 1 U
PL2‐246A 2/17/1995 15 20 11 1 U 4.3 1 U 2 U PL2‐232A 11/14/2007 5 20 1 U 1 U 1 U 1 U 1 U
PL2‐246A 3/17/1995 15 20 1 U 1 U 1.6 1 U 2 U PL2‐232A 2/7/2008 5 20 1 U 1 U 1 U 1 U 1 U
PL2‐246A 4/21/1995 15 20 1 U 1 U 1.4 1 U 2 U PL2‐232A 8/3/2008 5 20 1 U 1 U 1 U 1 U 1 U
PL2‐246A 5/24/1995 15 20 1 U 1 U 1.3 1 U 2 U PL2‐232A 2/5/2009 5 20 1 U 1 U 1 U 1 U 1 U

PL2‐246A 6/15/1995 15 20 1 U 1 U 1.3 1 U 2 U PL2‐252A 10/4/1994 13.5 18.5 20 1.8 720   2.4 100
PL2‐246A 7/19/1995 15 20 1 U 1 U 1.3 1 U 2 U PL2‐252A 10/4/1994 13.5 18.5 47 1.8 760   2 34
PL2‐246A 8/17/1995 15 20 1 U 1 U 1.5 1 U 2 U PL2‐252A 10/7/1994 13.5 18.5 47 1.8 760   2 34
PL2‐246A 9/22/1995 15 20 1 U 1 U 1.2 1 U 2 U PL2‐252A 11/10/1994 13.5 18.5 19 2 720   1.4 32
PL2‐246A 4/26/2001 15 20 1.1 1 U 1 U 1 U 1 U PL2‐252A 12/7/1994 13.5 18.5 25 1.1 N 700   1.1 11
PL2‐246A 8/1/2001 15 20 1 U 1 U 1 U 1 U 1 U PL2‐252A 12/8/1994 13.5 18.5 21 2 750   1.3 25
PL2‐246A 10/25/2001 15 20 1 U 1 U 1 U 1 U 1.2 PL2‐252A 1/18/1995 13.5 18.5 24 1.2 450   1.1 22
PL2‐246A 1/29/2002 15 20 1 U 1 U 1 U 1 U 1 PL2‐252A 2/17/1995 13.5 18.5 20 1 410   1.1 26

PL2‐247A 10/7/1994 15 20 17 10 U 700 67 850 PL2‐252A 3/16/1995 13.5 18.5 19 1 U 290   1 U 15
PL2‐247A 10/7/1994 15 20 50 U 50 U 710 59 910 PL2‐252A 4/20/1995 13.5 18.5 6.6 1 U 350   1 U 34
PL2‐247A 11/11/1994 15 20 15 2 500   42 430 PL2‐252A 5/23/1995 13.5 18.5 8 1 U 320   1 U 16
PL2‐247A 12/9/1994 15 20 3.9 1.2 280   26 250 PL2‐252A 6/14/1995 13.5 18.5 7.3 1 U 320   1 U 12
PL2‐247A 1/21/1995 15 20 1.8 1 U 170 29 220 PL2‐252A 7/18/1995 13.5 18.5 3.8 1 U 320   1 U 30
PL2‐247A 2/17/1995 15 20 2.6 1 U 90 20 190 PL2‐252A 8/17/1995 13.5 18.5 1.8 1 U 260   1.4 30
PL2‐247A 3/17/1995 15 20 1 U 1 U 53 13 160 PL2‐252A 9/22/1995 13.5 18.5 2.2 1 U 260   1.3 15
PL2‐247A 4/21/1995 15 20 1 U 1 U 46 12 120 PL2‐252A 4/25/2001 13.5 18.5 1 U 1 U 1 U 1 U 2.6
PL2‐247A 5/24/1995 15 20 1 U 1 U 26 6.9 77 PL2‐252A 8/2/2001 13.5 18.5 1 U 1 U 3.6 1 U 1 U
PL2‐247A 6/15/1995 15 20 1 U 1 U 34 10 140 PL2‐252A 10/30/2001 13.5 18.5 1 U 1 U 1.4 1 U 1 U
PL2‐247A 7/19/1995 15 20 1 U 1 U 34 9.8 160 PL2‐252A 1/29/2002 13.5 18.5 1 U 1 U 1 U 1 U 1 U

PL2‐247A 8/17/1995 15 20 1 U 1 U 27 8.3 110 PL2‐253A 10/4/1994 12 17 650   5.6 1,200   3.4 74
PL2‐247A 9/22/1995 15 20 1 U 1 U 20 7 79 PL2‐253A 10/4/1994 12 17 920   4 960   1.6 12
PL2‐247A 4/16/2001 15 20 15 UJ 15 UJ 15 UJ 15 UJ 15 UJ PL2‐253A 1/18/1995 12 17 270   5.2 1,100   2 84
PL2‐247A 8/1/2001 15 20 1 U 1 U 1 U 1 U 19 PL2‐253A 2/17/1995 12 17 290   4.3 1,200   1.6 44

A Level Groundwater Wells, continued A Level Groundwater Wells, continuedTCE
(µg/L)

1,1‐DCE
(µg/L)

cis‐1,2‐DCE
(µg/L)

trans‐1,2‐DCE
(µg/L)

VC
(µg/L)

TCE
(µg/L)

1,1‐DCE
(µg/L)

cis‐1,2‐DCE
(µg/L)

trans‐1,2‐DCE
(µg/L)

VC
(µg/L)
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Table A.1
Groundwater Data Compilation

Boeing Plant 2

Group 1: Area 2-10 North Steetpile Group 2: Area 2-10 South Steetpile

Location Date Top (ft) Bottom (ft) Location Date Top (ft) Bottom (ft)
PL2‐247A 12/9/1994 15 20 4 1.8 380   50 460 PL2‐253A 5/23/1995 12 17 140 5.6 1,300   2.5 77

PL2‐248A 10/7/1994 15 20 42 1 U 13 1 U 0.42 PL2‐253A 6/14/1995 12 17 100 5.7 1,400   4.2 160
PL2‐248A 10/7/1994 15 20 11 1 U 4 1 U 0.41 PL2‐253A 7/18/1995 12 17 130 5.4 1,600   2 76
PL2‐248A 10/7/1994 15 20 42 1 U 13 1 U 0.42 PL2‐253A 8/17/1995 12 17 89 6.6 1,400   6.2 100
PL2‐248A 11/11/1994 15 20 70 1 U 15 1 U 0.36 PL2‐253A 9/22/1995 12 17 180 3.8 1,200   3.4 17
PL2‐248A 12/9/1994 15 20 13 J 1 U 3.7 J 1 U 2 U PL2‐253A 4/25/2001 12 17 1 U 1.2 320   3.1 160
PL2‐248A 12/9/1994 15 20 1.1 1 U 1.4 1 U 2 U PL2‐253A 8/2/2001 12 17 3.8 1 U 390   2.2 97
PL2‐248A 1/19/1995 15 20 2.2 1 U 1.4 1 U 2 U PL2‐253A 10/30/2001 12 17 5 U 5 U 380 5 U 130
PL2‐248A 2/17/1995 15 20 2.6 1 U 2.1 1 U 2 U PL2‐253A 1/29/2002 12 17 5 U 5 U 420 5 U 140
PL2‐248A 3/17/1995 15 20 1 U 1 U 1 U 1 U 2 U PL2‐253A 11/8/1994 12 17 650   7.2 1,900   3 160
PL2‐248A 4/21/1995 15 20 1 U 1 U 1.6 1 U 2 U PL2‐253A 11/9/1994 12 17 380   8.9 1,400   4.1 180
PL2‐248A 5/24/1995 15 20 1 U 1 U 1.5 1 U 2 U PL2‐253A 11/10/1994 12 17 640   5.2 1,500   2 86
PL2‐248A 6/15/1995 15 20 1 U 1 U 1 U 1 U 2 U PL2‐253A 11/11/1994 12 17 570   4.6 1,500   1.8 51
PL2‐248A 7/19/1995 15 20 1 U 1 U 1 U 1 U 2 U PL2‐253A 12/7/1994 12 17 460   6.2 1,800   2.6 93
PL2‐248A 8/17/1995 15 20 1 U 1 U 1 U 1 U 2 U PL2‐253A 12/8/1994 12 17 560   6.3 1,600   2.5 71

PL2‐248A 9/22/1995 15 20 1 U 1 U 1.5 1 U 2 U PL2‐254A 10/4/1994 13.5 18.5 1 U 1 U 1 U 1 U 0.23
PL2‐248A 4/27/2001 15 20 1 U 1 U 1 U 1 U 1 U PL2‐254A 10/4/1994 13.5 18.5 1 U 1 U 1 U 1 U 0.076
PL2‐248A 8/7/2001 15 20 1 U 1 U 1 U 1 U 1 U PL2‐254A 10/7/1994 13.5 18.5 1 U 1 U 1 U 1 U 0.076
PL2‐248A 10/30/2001 15 20 1 U 1 U 1 U 1 U 1 U PL2‐254A 11/10/1994 13.5 18.5 1 U 1 U 1 U 1 U 0.46
PL2‐248A 1/30/2002 15 20 1 U 1 U 1 U 1 U 1 U PL2‐254A 12/7/1994 13.5 18.5 1 U 1 U 1 U 1 U 2 U

PL2‐249A 10/7/1994 15 20 50 1 U 11 1 U 2.2 PL2‐254A 12/8/1994 13.5 18.5 1 U 1 U 1 U 1 U 2 U
PL2‐249A 10/7/1994 15 20 110 1 U 20 1.6 2.4 PL2‐254A 1/19/1995 13.5 18.5 1 U 1 U 1 U 1 U 2 U
PL2‐249A 10/7/1994 15 20 41 1 U 7.9 1 U 2.4 PL2‐254A 2/17/1995 13.5 18.5 1 U 1 U 1 U 1 U 2 U
PL2‐249A 10/7/1994 15 20 1 U 1 U 1 U 1 U 2 U PL2‐254A 3/16/1995 13.5 18.5 1 U 1 U 1 U 1 U 2 U
PL2‐249A 11/11/1994 15 20 140 1 U 24 2 1.2 PL2‐254A 4/20/1995 13.5 18.5 1 U 1 U 1 U 1 U 2 U
PL2‐249A 12/9/1994 15 20 190 1 U 33 2.8 2 U PL2‐254A 5/24/1995 13.5 18.5 1 U 1 U 1 U 1 U 2 U
PL2‐249A 12/9/1994 15 20 24 1 U 5.1 1 U 3.1 PL2‐254A 6/15/1995 13.5 18.5 1 U 1 U 1 U 1 U 2 U
PL2‐249A 1/19/1995 15 20 5.4 J 1 UJ 1.2 J 1 UJ 2 UJ PL2‐254A 7/18/1995 13.5 18.5 1 U 1 U 1 U 1 U 2 U
PL2‐249A 2/17/1995 15 20 14 1 U 1.4 1 U 2.6 PL2‐254A 8/17/1995 13.5 18.5 1 U 1 U 1 U 1 U 2 U
PL2‐249A 3/17/1995 15 20 1 U 1 U 1 U 1 U 2.3 PL2‐254A 9/22/1995 13.5 18.5 1 U 1 U 1 U 1 U 2 U
PL2‐249A 4/21/1995 15 20 5.1 1 U 1.7 1 U 2 U PL2‐254A 4/25/2001 13.5 18.5 1 U 1 U 1 U 1 U 1 U
PL2‐249A 5/24/1995 15 20 16 1 U 3.5 1 U 2 U PL2‐254A 8/3/2001 13.5 18.5 1 UJ 1 UJ 1 UJ 1 UJ 1 UJ
PL2‐249A 6/15/1995 15 20 14 1 U 2.6 1 U 2.1 PL2‐254A 11/1/2001 13.5 18.5 1 U 1 U 1 U 1 U 1 U
PL2‐249A 7/19/1995 15 20 36 1 U 5.1 1 U 2.8 PL2‐254A 1/31/2002 13.5 18.5 1 U 1 U 1 U 1 U 1 U

PL2‐249A 8/17/1995 15 20 5.9 1 U 1.4 1 U 2 U PL2‐255A 10/4/1994 12.5 17.5 2.4 1 U 1 U 1 U 0.42
PL2‐249A 9/22/1995 15 20 7.8 1 U 1.5 1 U 2 U PL2‐255A 10/4/1994 12.5 17.5 11 1 U 1 U 1 U 0.08
PL2‐249A 4/18/2001 15 20 3.4 1 U 1 U 1 U 1 U PL2‐255A 11/10/1994 12.5 17.5 3.3 1 U 1 U 1 U 0.81
PL2‐249A 8/7/2001 15 20 1 U 1 U 1 U 1 U 1 U PL2‐255A 12/7/1994 12.5 17.5 2.8 1 U 1 U 1 U 2 U
PL2‐249A 10/30/2001 15 20 1 U 1 U 1 U 1 U 1 U PL2‐255A 12/8/1994 12.5 17.5 4.1 1 U 1 U 1 U 2 U
PL2‐249A 1/30/2002 15 20 1 U 1 U 1 U 1 U 1.1 PL2‐255A 1/19/1995 12.5 17.5 2.6 1 U 1 U 1 U 2 U

PL2‐258A 4/24/2001 8 23 10 UJ 10 UJ 1,600 300 1,000 PL2‐255A 2/17/1995 12.5 17.5 3.4 1 U 1.2 1 U 2 U
PL2‐258A 7/26/2001 8 23 1 U 1 U 660   120 340 PL2‐255A 3/16/1995 12.5 17.5 2.4 1 U 1 U 1 U 2 U
PL2‐258A 10/23/2001 8 23 1 U 1 U 78 35 190 PL2‐255A 4/20/1995 12.5 17.5 4.5 1 U 1 U 1 U 2 U
PL2‐258A 1/24/2002 8 23 1 U 1.8 1,900   380 1,600 PL2‐255A 5/24/1995 12.5 17.5 9.5 1 U 1 U 1 U 2 U
PL2‐258A 6/19/2003 8 23 1 U 1 U 520 130 390 PL2‐255A 6/15/1995 12.5 17.5 4.9 1 U 1 U 1 U 2 U
PL2‐258A 9/3/2003 8 23 5 U 5 U 47 26 260 PL2‐255A 7/18/1995 12.5 17.5 12 1 U 1 U 1 U 2 U
PL2‐258A 12/10/2003 8 23 20 U 20 U 95 47 1,400 PL2‐255A 8/17/1995 12.5 17.5 5.1 1 U 1 U 1 U 2 U
PL2‐258A 2/4/2004 8 23 10 U 10 U 1,100 240 1,600 PL2‐255A 9/22/1995 12.5 17.5 12 1 U 1 U 1 U 2 U
PL2‐258A 5/11/2004 8 23 15 U 15 U 1,400 290 1,300 JL PL2‐255A 4/25/2001 12.5 17.5 17 1 U 1 U 1 U 1 U
PL2‐258A 11/2/2004 8 23 1 U 1 U 5.4 22 180 PL2‐255A 8/3/2001 12.5 17.5 1 UJ 1 UJ 1.2 J 1 UJ 1 UJ
PL2‐258A 1/31/2005 8 23 1 UJ 1 UJ 2.7 J 8.4 J 84 J PL2‐255A 11/6/2001 12.5 17.5 1 U 1 U 1 U 1 U 1 UJ

PL2‐255A 1/31/2002 12.5 17.5 1 U 1 U 4.1 1 U 1.2

cis‐1,2‐DCE
(µg/L)

trans‐1,2‐DCE
(µg/L)

VC
(µg/L)

A Level Groundwater Wells, continued TCE
(µg/L)

1,1‐DCE
(µg/L)

cis‐1,2‐DCE
(µg/L)

trans‐1,2‐DCE
(µg/L)

VC
(µg/L)

A Level Groundwater Wells, continued TCE
(µg/L)

1,1‐DCE
(µg/L)
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Table A.1
Groundwater Data Compilation

Boeing Plant 2

Group 1: Area 2-10 North Steetpile Group 2: Area 2-10 South Steetpile

Location Date Top (ft) Bottom (ft) Location Date Top (ft) Bottom (ft)

PL2‐258A 3/28/1995 8 23 100 U 100 U 4,700 340 1,500 PL2‐256A 1/18/1995 13 18 58 1 U 24 1 U 3.4
PL2‐258A 8/11/1995 8 23 3.5 58 6,000   310 1,500 PL2‐256A 2/17/1995 13 18 99 1.3 81 1 U 7
PL2‐258A 11/15/1995 8 23 3.3 47 4,900 JH 220 JH 890 JH PL2‐256A 3/16/1995 13 18 130 1 U 20 1 U 2.7
PL2‐258A 2/28/1996 8 23 7.3 47 6,900   440 1,800 PL2‐256A 7/18/1995 13 18 50 2.8 130 1 U 66
PL2‐258A 5/20/1996 8 23 240 31 J 4,200   260 1,200 PL2‐256A 8/17/1995 13 18 23 1 U 37 1 U 88
PL2‐258A 8/20/1996 8 23 50 U 50 U 6,400 320 1,800 PL2‐256A 9/22/1995 13 18 58 2.6 130 1 U 57
PL2‐258A 11/18/1996 8 23 4 23 3,800   230 2,400 PL2‐256A 4/30/2001 13 18 8.1 1 U 6 1 U 10 J
PL2‐258A 8/4/2004 8 23 1 U 1 U 9.1 16 72 PL2‐256A 8/6/2001 13 18 1.7 1 U 1.8 1 U 1.8
PL2‐258A 5/4/2005 8 23 1 U 1 U 68 44 380 PL2‐256A 11/1/2001 13 18 3 1 U 200 J 2.4 72
PL2‐258A 8/4/2005 8 23 1 U 1 U 2.7 8.5 55 PL2‐256A 2/4/2002 13 18 1 U 1 U 4.4 1 U 11
PL2‐258A 11/1/2005 8 23 1 U    1 U    1.2 3 40 PL2‐256A 10/4/1994 13 18 220   1 U 18 1 U 2.2
PL2‐258A 2/8/2006 8 23 1 U 1 U 120 57 1,100 PL2‐256A 10/4/1994 13 18 420   1 U 36 1 U 4.6
PL2‐258A 5/3/2006 8 23 1 U 1 U 330 130 440 PL2‐256A 11/8/1994 13 18 30 1 U 19 1 U 1.7 J
PL2‐258A 8/2/2006 8 23 1.5 U 1.5 U 8.7 22 99 PL2‐256A 11/9/1994 13 18 30 1 U 15 1 U 2
PL2‐258A 11/8/2006 8 23 0.6 U 0.6 U 0.6 U 1.2 17 PL2‐256A 11/10/1994 13 18 56 1 U 19 1 U 2.6
PL2‐258A 2/5/2007 8 23 10 U 10 U 420 120 920 PL2‐256A 11/11/1994 13 18 180   1 U 22 1 U 4.5
PL2‐258A 5/3/2007 8 23 30 U 30 U 490 140 1,200 PL2‐256A 12/9/1994 13 18 190 J 1 U 26 1 U 4.1
PL2‐258A 8/7/2007 8 23 1 U 1 U 2.5 12 81 PL2‐256A 12/9/1994 13 18 200 1 U 28 1 U 4.1
PL2‐258A 11/15/2007 8 23 1 U 1 U 1 U 3.2 130 PL2‐256A 12/9/1994 13 18 110 J 1 U 28 1 U 5.4
PL2‐258A 2/1/2008 8 23 1 U 1 U 1.3 9.5 320 PL2‐256A 4/20/1995 13 18 78 1 U 64 1 U 8.3
PL2‐258A 8/1/2008 8 23 1 U 1 U 1 U 1 U 16 PL2‐256A 5/23/1995 13 18 68 1 200 1 U 22
PL2‐258A 2/5/2009 8 23 1 U 1 U 1 U 1.4 320 PL2‐256A 6/14/1995 13 18 46 1 U 18 1 U 5.9

PL2‐257A 10/4/1994 13 18 860   9.6 85 2.9 86
Location Date Top (ft) Bottom (ft) PL2‐257A 10/4/1994 13 18 1,100   9.6 92 3.4 82

PL2‐217A 8/19/1992 15 30 1 U 1 U 1 U 1 U 2 U PL2‐257A 10/7/1994 13 18 1,100   9.5 92 1 U 82

PL2‐218A 8/14/1992 15 30 790 26 2,000 110 810 PL2‐257A 11/8/1994 13 18 320 2.9 51 2 U 39
PL2‐218A 4/16/2001 15 30 1,300   14 1,100   100 190 PL2‐257A 12/9/1994 13 18 480   4.9 71 1.3 67

PL2‐268A 4/26/2001 30 34.5 1 U 1 U 1 U 1 U 4.4 PL2‐257A 12/9/1994 13 18 450   5.6 82 1.5 83
PL2‐268A 8/1/2001 30 34.5 1 U 1 U 1 U 1 U 1 U PL2‐257A 1/18/1995 13 18 410   6.8 97 1.4 100
PL2‐268AR 10/30/2001 30 34.5 1 U 1 U 1 U 1 U 1 U PL2‐257A 2/17/1995 13 18 820   12 130 3.1 110
PL2‐268AR 1/30/2002 30 34.5 1 U 1 U 1 U 1 U 1.1 PL2‐257A 3/16/1995 13 18 450   4.4 150 1.4 38

PL2‐269A 4/26/2001 31 35.7 1 U 1 U 1 U 1 U 1 U PL2‐257A 4/20/1995 13 18 650   4.8 220   1.9 32
PL2‐269A 7/30/2001 31 35.7 1 U 1 U 1 U 1 U 1 U PL2‐257A 5/23/1995 13 18 610   8.4 300   3 60
PL2‐269A 10/30/2001 31 35.7 1 U 1 U 1 U 1 U 1 U PL2‐257A 6/14/1995 13 18 190 3.8 300   1.5 39
PL2‐269A 1/30/2002 31 35.7 1 U 1 U 1 U 1 U 1 U PL2‐257A 7/18/1995 13 18 370   7.1 480   2.4 70

PL2‐271A 4/25/2001 20.2 29.7 1 U 1 U 1 U 1 U 1 J PL2‐257A 8/18/1995 13 18 200 4.4 350   2 67
PL2‐271A 7/26/2001 20.2 29.7 1 U 1 U 1 U 1 U 1 PL2‐257A 9/22/1995 13 18 940 10 U 320 10 U 26
PL2‐271A 11/5/2001 20.2 29.7 1 U 1 U 1 U 1 U 1.3 J PL2‐257A 4/30/2001 13 18 22 1 220   2.6 63
PL2‐271A 1/23/2002 20.2 29.7 1 U 1 U 1 U 1 U 1.1 PL2‐257A 8/6/2001 13 18 12 5 U 190 5 U 42
PL2‐271A 6/19/2003 20.2 29.7 1 U 1 U 1 U 1 U 1 U PL2‐257A 11/1/2001 13 18 1 U 1 U 1 U 1 U 1 U
PL2‐271A 12/10/2003 20.2 29.7 1 U 1 U 1 U 1 U 1 U PL2‐257A 2/4/2002 13 18 2.8 1 U 190 2.7 66

PL2‐271A 5/11/2004 20.2 29.7 1 U 1 U 1 U 1 U 1 UJL PL2‐266A 4/25/2001 26 30.2 1 U 1 U 1 U 1 U 1 U
PL2‐271A 11/2/2004 20.2 29.7 1 U 1 U 1 U 1 U 1 U PL2‐266A 8/6/2001 26 30.2 1 U 1 U 1 U 1 U 1 U
PL2‐271A 5/4/2005 20.2 29.7 1 U 1 U 1 U 1 U 1 U PL2‐266A 11/1/2001 26 30.2 1 U 1 U 1 U 1 U 1 U
PL2‐271A 8/4/2005 20.2 29.7 1 U 1 U 1 U 1 U 1 U PL2‐266A 1/31/2002 26 30.2 1 U 1 U 1 U 1 U 1 U

PL2‐271A 11/1/2005 20.2 29.7 1 U    1 U    1 U     1 U     1 U     PL2‐267A 5/1/2001 26 30.5 1 U 1 U 1 U 1 U 1 U
PL2‐271A 5/3/2006 20.2 29.7 1 U 1 U 1 U 1 U 1 U PL2‐267A 8/2/2001 26 30.5 1 U 1 U 1 U 1 U 1 U
PL2‐271A 11/8/2006 20.2 29.7 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U PL2‐267A 11/6/2001 26 30.5 1 U 1 U 1 U 1 U 1 UJ
PL2‐271A 5/3/2007 20.2 29.7 1 U 1 U 1 U 1 U 1 U PL2‐267A 1/30/2002 26 30.5 1 U 1 U 1 U 1 U 1 U

PL2‐271A 11/14/2007 20.2 29.7 1 U 1 U 1 U 1 U 1 U
PL2‐271A 2/1/2008 20.2 29.7 1 U 1 U 1 U 1 U 1 U
PL2‐271A 8/1/2008 20.2 29.7 1 U 1 U 1 U 1 U 1 U
PL2‐271A 2/5/2009 20.2 29.7 1 U 1 U 1 U 1 U 1 U

A Level Groundwater Wells, continued

TCE
(µg/L)

1,1‐DCE
(µg/L)

A Level Groundwater Wells, continued

A/B Level Groundwater Wells VC
(µg/L)

TCE
(µg/L)

1,1‐DCE
(µg/L)

cis‐1,2‐DCE
(µg/L)

trans‐1,2‐DCE
(µg/L)

VC
(µg/L)

TCE
(µg/L)

1,1‐DCE
(µg/L)

cis‐1,2‐DCE
(µg/L)

trans‐1,2‐DCE
(µg/L)

VC
(µg/L)

cis‐1,2‐DCE
(µg/L)

trans‐1,2‐DCE
(µg/L)
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Table A.1
Groundwater Data Compilation

Boeing Plant 2

Group 1: Area 2-10 North Steetpile Group 2: Area 2-10 South Steetpile

Location Date Top (ft) Bottom (ft) Location Date Top (ft) Bottom (ft)

PL2‐272A 4/26/2001 31.3 35.8 1 U 1 U 1 U 1 U 1 U PL2‐209B 8/19/1992 40 55 1 U 1 U 1 U 1 U 2 U
PL2‐272A 8/1/2001 31.3 35.8 1 U 1 U 1 U 1 U 1 U PL2‐209B 8/11/1995 40 55 1 U 1 U 1 U 1 U 0.034
PL2‐272A 10/29/2001 31.3 35.8 1 U 1 U 1 U 1 U 1.1 PL2‐209B 11/16/1995 40 55 1 U 1 U 1 U 1 U 0.026
PL2‐272A 1/29/2002 31.3 35.8 1 U 1 U 1 U 1 U 1 U PL2‐209B 2/27/1996 40 55 1 U 1 U 1 U 1 U 2 U

PL2‐209B 5/24/1996 40 55 1 U 1 U 1 U 1 U 2 U
Location Date Top (ft) Bottom (ft) PL2‐209B 8/21/1996 40 55 4.8 1 U 1 U 1 U 2 U

PL2‐212B 8/18/1992 40 55 1 U 1 U 1.5 1 U 2 U PL2‐209B 11/19/1996 40 55 1 U 1 U 1 U 1 U 2 U
PL2‐212B 8/16/1995 40 55 1 U 1 U 3 1 U 3.9 PL2‐209B 4/19/2001 40 55 1 U 1 U 1 U 1 U 1 U
PL2‐212B 11/16/1995 40 55 1 U 1 U 1 U 1 U 1.1 PL2‐209B 8/2/2001 40 55 1 U 1 U 1 U 1 U 1 U
PL2‐212B 3/5/1996 40 55 1 U 1 U 1 U 1 U 2 U PL2‐209B 10/31/2001 40 55 1 U 1 U 1 U 1 U 1 U
PL2‐212B 5/21/1996 40 55 2 1 U 1 U 1 U 2 U PL2‐209B 1/30/2002 40 55 1 U 1 U 1 U 1 U 1 U

PL2‐212B 8/20/1996 40 55 1 U 1 U 1 U 1 U 2 U PL2‐213B 8/19/1992 25.7 30.2 1 U 1 U 1 U 1 U 2 U
PL2‐212B 11/18/1996 40 55 1 U 1 U 1 U 1 U 2.4 PL2‐213B 5/1/2001 25.7 30.2 1 U 1 U 1 U 1 U 1 U
PL2‐212B 4/27/2001 40 55 1 U 1 U 1 U 1 U 1.5 PL2‐213B 8/3/2001 25.7 30.2 1 UJ 1 UJ 1 UJ 1 UJ 1 UJ
PL2‐212B 8/3/2001 40 55 1 UJ 1 UJ 1 UJ 1 UJ 1 UJ PL2‐213B 11/1/2001 25.7 30.2 1 U 1 U 1 U 1 U 1 U
PL2‐212B 10/25/2001 40 55 1 U 1 U 1 U 1 U 1 U PL2‐213B 1/31/2002 25.7 30.2 1 U 1 U 1 U 1 U 1 U
PL2‐212B 2/5/2002 40 55 1 U 1 U 1 U 1 U 1 U PL2‐214B 8/18/1992 45 60 1 U 1 U 1 U 1 U 2 U

PL2‐218B 8/18/1992 45 60 68 10 U 2,500 10 U 20 U PL2‐214B 3/15/1995 45 60 1 U 1 U 1 U 1 U 0.024
PL2‐218B 4/16/2001 45 60 20 UJ 20 UJ 2,400 20 UJ 20 UJ PL2‐214B 8/16/1995 45 60 1 U 1 U 1 U 1 U 0.037 J
PL2‐218B 7/30/2001 45 60 1.7 1 U 460   2.2 12 PL2‐214B 11/16/1995 45 60 1 U 1 U 1 U 1 U 0.015
PL2‐218B 10/29/2001 45 60 5 U 5 U 380 5 U 7.6 PL2‐214B 2/27/1996 45 60 1 U 1 U 1 U 1 U 2 U
PL2‐218B 1/31/2002 45 60 5 U 5 U 1,500   5.6 5 U PL2‐214B 5/22/1996 45 60 1 U 1 U 1 U 1 U 2 U

PL2‐258B 3/28/1995 40 50 8 3.5 5,900   11 2.2 PL2‐214B 8/21/1996 45 60 1 U 1 U 1 U 1 U 2 U
PL2‐258B 8/15/1995 40 50 6.8 4.8 5,000   23 43 PL2‐214B 11/19/1996 45 60 39 1 U 4.7 1 U 2 U
PL2‐258B 11/15/1995 40 50 2.4 1 U 680   4.6 7.6 PL2‐214B 4/25/2001 45 60 1 U 1 U 1 U 1 U 1 UJ
PL2‐258B 2/28/1996 40 50 6 1.4 3,600   4.8 2 U PL2‐214B 7/25/2001 45 60 1 U 1 U 1 U 1 U 1 U
PL2‐258B 5/20/1996 40 50 4.4 1.5 3,900   4.4 2 U PL2‐214B 11/5/2001 45 60 1 U 1 U 1 U 1 U 1 UJ
PL2‐258B 8/20/1996 40 50 5.4 1.6 4,800   5.2 5.5 PL2‐214B 1/23/2002 45 60 1 U 1 U 1 U 1 U 1 U
PL2‐258B 4/25/2001 40 50 1.8 1 U 490   1.8 4.3 J PL2‐214B 6/19/2003 45 60 1 U 1 U 1 U 1 U 1 U
PL2‐258B 7/26/2001 40 50 10 U 10 U 1,200 10 U 10 U PL2‐214B 9/3/2003 45 60 1 U 1 U 1 U 1 U 1 U
PL2‐258B 10/23/2001 40 50 15 U 15 U 1,400 15 U 15 U PL2‐214B 12/10/2003 45 60 1 U 1 U 1 U 1 U 1 U
PL2‐258B 1/24/2002 40 50 1.5 1 U 760   2.6 3.4 PL2‐214B 2/3/2004 45 60 1 U 1 U 1 U 1 U 1 U
PL2‐258B 6/19/2003 40 50 1.7 1 U 1,600 9.1 3.4 PL2‐214B 5/11/2004 45 60 1 U 1 U 1 U 1 U 1 UJL
PL2‐258B 9/3/2003 40 50 10 U 10 U 2,800 10 U 10 U PL2‐214B 8/4/2004 45 60 1 U 1 U 1 U 1 U 1 U
PL2‐258B 12/10/2003 40 50 30 U 30 U 4,600 30 U 30 U PL2‐214B 11/2/2004 45 60 1 U 1 U 1 U 1 U 1 U
PL2‐258B 2/4/2004 40 50 50 U 50 U 3,000 50 U 50 U PL2‐214B 1/31/2005 45 60 1 UJ 1 UJ 1 UJ 1 UJ 1 UJ
PL2‐258B 5/11/2004 40 50 1.6 1 U 2,100 4.3 4.1 JL PL2‐214B 5/4/2005 45 60 1 U 1 U 1 U 1 U 1 U
PL2‐258B 11/2/2004 40 50 25 U 25 U 2,700 25 U 25 U PL2‐214B 8/4/2005 45 60 1 U 1 U 1 U 1 U 1 U
PL2‐258B 1/31/2005 40 50 30 UJ 30 UJ 1,600 J 30 UJ 30 UJ PL2‐214B 11/1/2005 45 60 1 U    1 U    1 U    1 U    1 U    
PL2‐258B 5/4/2005 40 50 1 U 1 U 120 1 U 1 U PL2‐214B 2/8/2006 45 60 1 U 1 U 1 U 1 U 1 U
PL2‐258B 8/4/2005 40 50 10 U 10 U 1,600 10 U 10 U PL2‐214B 5/3/2006 45 60 1 U 1 U 1 U 1 U 1 U
PL2‐258B 11/1/2005 40 50 1.2 1 U    1,200 3 3.3 PL2‐214B 8/3/2006 45 60 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U
PL2‐258B 2/8/2006 40 50 10 U 10 U 960 10 U 10 U PL2‐214B 11/8/2006 45 60 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U
PL2‐258B 5/3/2006 40 50 10 U 10 U 940 10 U 10 U PL2‐214B 2/5/2007 45 60 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U
PL2‐258B 8/2/2006 40 50 10 U 10 U 1,800 10 U 10 U PL2‐214B 5/8/2007 45 60 1 U 1 U 1 U 1 U 1 U
PL2‐258B 11/8/2006 40 50 950 PL2‐214B 8/7/2007 45 60 1 U 1 U 1 U 1 U 1 U
PL2‐258B 11/8/2006 40 50 1 U 1 U 1 U 1 U PL2‐214B 11/15/2007 45 60 1 U 1 U 1 U 1 U 1 U
PL2‐258B 2/5/2007 40 50 10 U 10 U 820 10 U 10 U PL2‐214B 2/7/2008 45 60 1 U 1 U 1 U 1 U 1 U
PL2‐258B 5/3/2007 40 50 30 U 30 U 930 30 U 30 U PL2‐214B 8/3/2008 45 60 1 U 1 U 1 U 1 U 1 U
PL2‐258B 8/7/2007 40 50 1.1 1 U 1,100 2 3.7 PL2‐214B 2/5/2009 45 60 1 U 1 U 1 U 1 U 1 U

PL2‐258B 11/15/2007 40 50 5 U 5 U 460 5 U 5 U PL2‐261B 3/30/1995 40 50 1 U 1 U 1 U 1 U 0.058
PL2‐258B 2/1/2008 40 50 5 U 5 U 410 5 U 5 U PL2‐262B 3/30/1995 40 50 1 U 1 U 1 U 1 U 0.54
PL2‐258B 8/1/2008 40 50 5 U 5 U 390 5 U 5 U PL2‐262B 8/7/2002 40 50 1 U 1 U 1 U 1 U 1 U

PL2‐258B 2/5/2009 40 50 1 U 1 U 150 1 U 2.1

TCE
(µg/L)

1,1‐DCE
(µg/L)

trans‐1,2‐DCE
(µg/L)

VC
(µg/L)

B Level Groundwater Wells

B Level Groundwater Wells

A/B Level Groundwater Wells, continued cis‐1,2‐DCE
(µg/L)

TCE
(µg/L)

1,1‐DCE
(µg/L)

cis‐1,2‐DCE
(µg/L)

trans‐1,2‐DCE
(µg/L)

TCE
(µg/L)

1,1‐DCE
(µg/L)

cis‐1,2‐DCE
(µg/L)

trans‐1,2‐DCE
(µg/L)

VC
(µg/L)

VC
(µg/L)
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Table A.1
Groundwater Data Compilation

Boeing Plant 2

Group 1: Area 2-10 North Steetpile Group 2: Area 2-10 South Steetpile

Location Date Top (ft) Bottom (ft) Location Date Top (ft) Bottom (ft)

PL2‐258B 11/18/1996 40 50 3.4 1 U 1,200   2.6 4.5 PL2‐214C 4/25/2001 75.5 80 1 U 1 U 1 U 1 U 1 UJ
PL2‐258B 8/4/2004 40 50 20 U 20 U 2,200 20 U 20 U PL2‐214C 7/25/2001 75.5 80 1 U 1 U 1 U 1 U 1 U
PL2‐259B 3/29/1995 40 50 1 U 1 U 1 U 1 U 0.11 PL2‐214C 11/5/2001 75.5 80 1 U 1 U 1 U 1 U 1 UJ
PL2‐259B 8/19/2002 40 50 1 U 1 U 1 U 1 U 1 U PL2‐214C 1/23/2002 75.5 80 1 U 1 U 1 U 1 U 1 U

PL2‐214C 6/19/2003 75.5 80 1 U 1 U 1 U 1 U 1 U
Location Date Top (ft) Bottom (ft) PL2‐214C 12/10/2003 75.5 80 1 U 1 U 1 U 1 U 1 U

PL2‐258C 3/29/1995 92 102 1 U 1 U 2.2 1 U 0.024 PL2‐214C 5/11/2004 75.5 80 1 U 1 U 1 U 1 U 1 UJL
PL2‐258C 11/15/1995 92 102 1 U 1 U 1 U 1 U 0.024 PL2‐214C 11/2/2004 75.5 80 1 U 1 U 1 U 1 U 1 U
PL2‐258C 2/29/1996 92 102 1 U 1 U 1 U 1 U 2 U PL2‐214C 5/4/2005 75.5 80 1 U 1 U 1 U 1 U 1 U
PL2‐258C 5/21/1996 92 102 1 U 1 U 1 U 1 U 2 U PL2‐214C 11/1/2005 75.5 80 1 U    1 U    1 U    1 U    1 U    
PL2‐258C 8/20/1996 92 102 1 U 1 U 1 U 1 U 2 U PL2‐214C 5/3/2006 75.5 80 1 U 1 U 1 U 1 U 1 U
PL2‐258C 11/18/1996 92 102 1 U 1 U 1 U 1 U 2 U PL2‐214C 11/8/2006 75.5 80 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U
PL2‐258C 4/25/2001 92 102 1 U 1 U 1 U 1 U 1 UJ PL2‐214C 5/8/2007 75.5 80 1 U 1 U 1 U 1 U 1 U
PL2‐258C 7/26/2001 92 102 1 U 1 U 1 U 1 U 1 U PL2‐214C 11/15/2007 75.5 80 1 U 1 U 1 U 1 U 1 U
PL2‐258C 10/23/2001 92 102 1 U 1 U 1 U 1 U 1 U PL2‐214C 2/7/2008 75.5 80 1 U 1 U 1 U 1 U 1 U
PL2‐258C 1/24/2002 92 102 1 U 1 U 1 U 1 U 1 U PL2‐214C 8/3/2008 75.5 80 1 U 1 U 1 U 1 U 1 U
PL2‐258C 6/19/2003 92 102 1 U 1 U 1 U 1 U 1 U PL2‐214C 2/5/2009 75.5 80 1 U 1 U 1 U 1 U 1 U

PL2‐258C 12/10/2003 92 102 1 U 1 U 1 U 1 U 1 U
PL2‐258C 5/11/2004 92 102 1 U 1 U 1 U 1 U 1 UJL
PL2‐258C 11/2/2004 92 102 1 U 1 U 1 U 1 U 1 U
PL2‐258C 5/4/2005 92 102 1 U 1 U 1 U 1 U 1 U
PL2‐258C 11/1/2005 92 102 1 U    1 U    1 U     1 U     1 U    
PL2‐258C 5/3/2006 92 102 1 U 1 U 1 U 1 U 1 U
PL2‐258C 11/8/2006 92 102 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U
PL2‐258C 5/3/2007 92 102 1 U 1 U 1 U 1 U 1 U
PL2‐258C 11/15/2007 92 102 1 U 1 U 1 U 1 U 1 U
PL2‐258C 2/1/2008 92 102 1 U 1 U 1 U 1 U 1 U
PL2‐258C 8/1/2008 92 102 1 U 1 U 1 U 1 U 1 U
PL2‐258C 2/5/2009 92 102 1 U 1 U 1 U 1 U 1 U

Abbreviations:

DCE Dichloroethene
ft Feet
H Value is likely to be higher than reported result; result may be biased high.
J Estimated
L Value is likely to be lower than reported result; result may be biased low.
N The analysis indicates the presence of an analyte for which there is preseumptive evidence to make a tentative identification.

TCE Trichloroethene
U Undetected
VC Vinyl chloride

C Level Groundwater Wells

B Level Groundwater Wells, continued TCE
(µg/L)

1,1‐DCE
(µg/L)

cis‐1,2‐DCE
(µg/L)

trans‐1,2‐DCE
(µg/L)

VC
(µg/L)

TCE
(µg/L)

1,1‐DCE
(µg/L)

cis‐1,2‐DCE
(µg/L)

trans‐1,2‐DCE
(µg/L)

VC
(µg/L)

TCE
(µg/L)

1,1‐DCE
(µg/L)

cis‐1,2‐DCE
(µg/L)
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(µg/L)

VC
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C Level Groundwater Wells
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Table A.2
Soil Data Compilation

Boeing Plant 2

Group 1: Area 2-10 North Steetpile Group 2: Area 2-10 South Steetpile

TCE cis‐1,2‐DCE
trans‐1,2‐

DCE VC Chloroform
Methylene 
Chloride TCE cis‐1,2‐DCE

trans‐1,2‐
DCE VC Chloroform

Methylene 
Chloride

Location Date Top (ft) Bottom (ft) µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg Location Date Top (ft)
Bottom 
(ft) µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg

2‐10‐012 1/17/2005 2 2 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U 2.2 U C04 2/19/1992 5 5 1.3 U 1.3 U 1.3 U 3.8 U 1.3 U 2.7 BU
2‐10‐013 1/17/2005 2 2 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U 2.1 U C04 2/19/1992 9.5 9.5 1.3 U 1.3 U 1.3 U 3.8 U 1.3 U 3.7 BU
B‐17 8/15/1990 5 6.5 2 U 2 U 2 U 2 U 2 U 8 UJB C12 8/20/1992 5 5 2 1.1 U 1.1 U 2.1 U 1.1 U 2.1 U
B‐17 8/15/1990 7.5 9 2 U 2 U 2 U 2 U 2 U 5 UJB C12 8/20/1992 10 10 77 1.3 U 1.3 U 2.6 U 1.3 U 2.6 U
B‐18 8/15/1990 2.5 4 2 U 2 U 2 U 2 U 2 U 9 UJB C12 8/20/1992 15 15 1.2 U 1.2 U 1.2 U 2.4 U 1.2 U 2.4 U
B‐18 8/15/1990 7.5 9 2 U 2 U 2 U 2 U 2 U 8 UJB C12 8/20/1992 20 20 8.2 1.1 U 1.1 U 2.2 U 1.1 U 2.7
B‐19 8/16/1990 2.5 4 2 U 2 U 2 U 2 U 2 U 2 U C12 8/20/1992 25 25 1.3 U 1.3 U 1.3 U 2.5 U 1.3 U 2.5 U
B‐21 8/16/1990 2.5 4 2 U 2 U 2 U 2 U 2 U 2 U C13 8/19/1992 5 5 1.1 U 1.1 U 1.1 U 2.2 U 1.1 U 2.2 U
B‐22 8/17/1990 6.5 8 2 2 U 2 U 2 U 2 U 3 UJB C13 8/19/1992 10 10 1.3 U 1.3 U 1.3 U 2.6 U 1.3 U 2.6 U
B‐22 8/17/1990 15 16.5 2 U 2 U 2 U 2 U 2 U 4 UJB C13 8/19/1992 15 15 1.3 U 1.3 U 1.3 U 2.6 U 1.3 U 2.6
C33 2/25/1992 1 1 1.1 U 1.1 U 1.1 U 3.1 U 1.1 U 1.3 JBU C13 8/19/1992 23 23 1.3 U 1.3 U 1.3 U 2.5 U 1.5 6
C40 8/19/1992 5 5 1.2 U 1.9 1.2 U 2.3 U 1.2 U 3 C13 8/19/1992 25 25 1.2 U 1.2 U 1.2 U 2.4 U 1.3 4.9
C40 8/19/1992 10 10 1.1 U 1.1 U 1.1 U 2.2 U 1.1 U 2 J C18 8/11/1992 5 5 1 U 1 U 1 U 2 U 1 U 2 JU
C40 8/19/1992 15 15 1.2 U 1.2 U 1.2 U 2.5 U 1.2 U 2.5 U C18 8/11/1992 10 10 1 J 1.3 U 1.3 U 2.6 U 3.3 2.6 U
C40 8/19/1992 20 20 1.3 U 1.3 U 1.3 U 2.6 U 1.7 2.6 U C18 8/11/1992 15 15 1.4 14 1.3 U 2.6 U 1.3 U 7.8 JU
C40 8/19/1992 25 25 1.3 U 1.3 U 1.3 U 2.5 U 1.3 U 2.5 U C18 8/11/1992 20 20 79 77 1.2 U 47 1.2 U 2.4 U
D43 8/12/1992 5 5 160 100 2.7 2.2 U 1.1 U 2.5 JU C18 8/11/1992 25 25 15 9.8 1.2 U 4.5 1.2 U 2.4 U
D43 8/12/1992 10 10 280 400 10 2.4 U 1.2 U 2.4 JU D01 2/19/1992 1 1 1.3 1.1 U 1.1 U 3.3 U 1.1 U 1.3 J
D43 8/12/1992 15 15 1400 18000 790 1500 160 U 310 JU D01 2/19/1992 5 5 1.4 U 1.4 U 1.4 U 4.1 U 1.4 U 2.5 J
D43 8/12/1992 20 20 470 190 8.4 45 5.8 U 12 JU D12 8/18/1992 5 5 1 U 1 U 1 U 2 U 1 U 1.9 J
D43 8/12/1992 25 25 440 150 7.3 21 5.1 U 10 JU D12 8/18/1992 10 10 36 1.3 U 1.3 U 2.5 U 1.3 U 2.5 U
E40 7/23/1992 5 5 12 1.3 1 U 2.1 U 1 U 2.1 U D12 8/18/1992 15 15 1.3 U 1.3 U 1.3 U 2.6 U 1.3 U 2.6 U
E40 7/23/1992 10 10 330 250 2.3 2.5 U 1.2 U 2.5 U D12 8/18/1992 23 23 1.3 U 1.3 U 1.3 U 2.6 U 1.8 4.6
E40 7/23/1992 18 18 1.3 U 1.3 U 1.3 U 2.6 U 1.3 U 2.6 U D12 8/18/1992 25 25 1.3 U 1.3 U 1.3 U 2.5 U 1.8 3.6
E40 7/23/1992 20 20 1.9 J 7.4 1.3 U 2.6 U 1.3 U 4 D13 8/10/1992 5 5 2.7 1 U 1 U 2 U 1 U 2 JU
E45 8/12/1992 5 5 1.1 U 1.1 U 1.1 U 2.2 U 1.1 U 2.2 JU D13 8/10/1992 10 10 1600 1.3 U 1.3 U 2.7 U 8.5 2.7 JU
E45 8/12/1992 10 10 1.3 U 1.3 U 1.3 U 2.6 U 1.3 U 2.6 JU D13 8/10/1992 15 15 1.3 U 1.3 U 1.3 U 2.5 U 1.3 U 2.5 U
E45 8/12/1992 15 15 1.4 U 110 1.6 360 1.4 U 2.7 JU D13 8/10/1992 20 20 4.5 1.3 U 1.3 U 2.5 U 1.3 U 3 JU
E45 8/12/1992 25 25 1.2 U 5.1 1.2 U 2.4 U 1.2 U 2.4 JU D13 8/10/1992 25 25 5.7 1.2 U 1.2 U 2.5 U 1.5 2.5 U
F42 7/23/1992 5 5 2.1 1.1 U 1.1 U 2.3 U 1.1 U 2.3 U D14 2/17/1992 5 5 20 1.2 U 1.2 U 3.5 U 1.2 U 5.4 BU
F42 7/23/1992 10 10 110 6.3 1.2 U 2.4 U 1.2 U 2.4 U D14 2/17/1992 10 10 28 10 12 3.9 U 1.3 U 5.7 BU
F42 7/23/1992 15 15 1.3 U 1.3 U 2 99 1.3 U 2.7 U D17 2/25/1992 2.5 2.5 1.1 U 1.1 U 3.4 U 1.1 U 1.9 JBU
F42 7/23/1992 22 22 5.4 14 9.4 13 1.3 U 2.5 U D17 2/25/1992 2.5 2.5 170
F42 7/23/1992 25 25 1.2 U 1.2 U 1.2 U 2.5 U 1.2 U 2.5 U D17 2/25/1992 5 5 5.2 1 U 1 U 3.1 U 1 U 1.2 JBU
G01 2/19/1992 1 1 1.1 U 1.1 U 1.1 U 3.4 U 1.1 U 2.7 D17 2/25/1992 7.5 7.5 15 1.3 U 1.3 U 3.8 U 1.3 U 2.3 JBU
G01 2/19/1992 5 5 1.1 U 1.1 U 1.1 U 3.3 U 1.1 U 1.1 J D17 2/25/1992 10 10 330 13 1.3 U 3.9 U 1.3 U 2.3 JBU
G08 2/20/1992 1 1 1.1 U 1.1 U 1.1 U 3.3 U 1.1 U 7.2 BU D19 8/11/1992 5 5 1 U 1 U 1 U 2 U 1 U 3.3 JU
G08 2/20/1992 5 5 1.1 U 1.1 U 1.1 U 3.2 U 1.1 U 5.1 BU D19 8/11/1992 10 10 1.3 U 1.3 U 1.3 U 2.7 U 1.3 U 5.1 JU
G09 2/17/1992 1 1 1.1 U 1.1 U 1.1 U 3.2 U 1.1 U 2.7 BU D19 8/11/1992 15 15 1.3 U 1.3 U 1.3 U 2.6 U 1.3 U 2.6 U
G09 2/17/1992 5 5 1.2 U 1.2 U 1.2 U 3.5 U 1.2 U 3.1 BU D19 8/11/1992 20 20 1.3 U 1.3 U 1.3 U 2.5 U 1.3 U 2.5 U
G10 2/11/1992 1 1 1.3 U 1.3 U 1.3 U 3.8 U 1.3 U 2.5 U D19 8/11/1992 25 25 1.2 U 1.2 U 1.2 U 2.5 U 1.2 U 7.3 JU
G10 2/11/1992 5 5 1.2 U 1.2 U 1.2 U 3.7 U 1.2 U 2.5 U E03 2/24/1992 1 1 1.3 1.1 U 1.1 U 3.4 U 1.1 U 2 JBU
PL2‐210A 2/27/1992 1 1 1  BU 1 U 1 U 2 U 1 U 1.3 JBU E03 2/24/1992 5 5 1.1 U 1.1 U 1.1 U 3.3 U 1.1 U 1.4 JBU
PL2‐210A 2/27/1992 10 10 1.3 U 1.3 U 1.3 U 2.6 U 1.3 U 1.7 JBU E14 7/22/1992 5 5 280 130 U 130 U 250 U 130 U 250 JU
PL2‐211A 2/10/1992 1 1 1.2 U 1.2 U 1.2 U 3.6 U 1.2 U 2.4 U E14 7/22/1992 10 10 2400 150 U 150 U 300 U 150 U 940 JU
PL2‐211A 2/10/1992 5 5 1.3 U 1.3 U 1.3 U 3.9 U 1.3 U 2.6 U E14 7/22/1992 15 15 630 160 U 160 U 310 U 160 U 310 JU
PL2‐212A 2/28/1992 1 1 28 B 0.9 J 1.1 U 2.1 U 1.1 U 2.6 BU E15 8/10/1992 5 5 55 1.1 U 1.1 U 2.2 U 1.1 U 2.2 U
PL2‐212A 2/28/1992 5 5 1000 B 11000 300 750 6.3 U 19 BU E15 8/10/1992 10 10 4.2 1.1 U 1.1 U 2.2 U 1.1 U 2.2 U
PL2‐212A 2/28/1992 11 11 23000 B 44000 970 1800 170 U 530 BU E15 8/10/1992 15 15 35 1.3 U 1.3 U 2.5 U 1.3 U 2.5 U
PL2‐212B 7/24/1992 5 5 540 90 1.2 U 2.3 U 2.5 2.3 U E15 8/10/1992 20 20 65 1.2 U 1.2 U 2.5 U 1.2 U 2.5 U
PL2‐212B 7/24/1992 10 10 48000 6400 630 U 1300 U 630 U 2200 JU E15 8/10/1992 25 25 11 1.2 U 1.2 U 2.4 U 1.2 U 2.4 U
PL2‐212B 7/24/1992 15 15 6900 44000 380 340 13 U 26 U E18 7/22/1992 5 5 14 5.5 U 5.5 U 11 U 5.5 U 13 J
PL2‐212B 7/24/1992 28 28 2.4 J 5.7 1.3 U 2.5 U 2.1 2.5 U E18 7/22/1992 8 8 3700 3.3 U 3.3 U 6.6 U 7.1 6.6 JU
PL2‐212B 7/24/1992 30 30 2.2 1.8 1.2 U 2.4 U 1.2 U 3.5 E18 7/22/1992 15 15 1.2 JU 1.3 U 1.3 U 2.7 U 1.3 U 4.1 J
PL2‐212B 7/24/1992 35 35 15 1.2 U 1.2 U 2.4 U 1.5 J 3.7 E20 2/25/1992 1 1 1.5 1 U 1 U 3.1 U 1 U 1.3 JBU
PL2‐212B 7/24/1992 45 45 3.3 3.9 1.3 U 2.5 U 2.1 4.9 E20 2/25/1992 7.5 7.5 1.3 J 1.5 U 1.5 U 4.3 U 1.5 U 2.7 JBU

Soil Samples  Soil Samples 
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Table A.2
Soil Data Compilation

Boeing Plant 2

Group 1: Area 2-10 North Steetpile Group 2: Area 2-10 South Steetpile

TCE cis‐1,2‐DCE
trans‐1,2‐

DCE VC Chloroform
Methylene 
Chloride TCE cis‐1,2‐DCE

trans‐1,2‐
DCE VC Chloroform

Methylene 
Chloride

Location Date Top (ft) Bottom (ft) µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg Location Date Top (ft)
Bottom 
(ft) µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg

Soil Samples  Soil Samples 

PL2‐217A 7/29/1992 5 5 1.1 U 1.1 U 1.1 U 2.2 U 1.1 U 3.6 J F10 2/17/1992 5 5 1 U 1 U 1 U 3.1 U 1 U 2.5 BU
PL2‐217A 7/29/1992 10 10 1.3 U 1.3 U 1.3 U 2.5 U 1.3 U 2.5 U F10 2/17/1992 10 10 1.2 U 1.2 U 1.2 U 3.7 U 1.2 U 3.4 BU
PL2‐217A 7/29/1992 15 15 1.2 U 1.2 U 1.2 U 2.5 U 1.2 U 2.8 J F16 2/18/1992 1 1 1.2 U 1.2 U 1.2 U 3.6 U 1.2 U 5.9 BU
PL2‐217A 7/29/1992 20 20 1.3 U 1.3 U 1.3 U 2.5 U 3.6 3.7 J F16 2/18/1992 9.5 9.5 1.3 U 1.3 U 1.3 U 4 U 1.3 U 6.8 BU
PL2‐217A 7/29/1992 28 28 1.3 U 1.3 U 1.3 U 2.5 U 4.3 2.5 U G02 2/20/1992 1 1 1.2 U 1.2 U 1.2 U 3.6 U 1.2 U 6.1 BU
PL2‐218A 7/27/1992 5 5 1.8 J 6.4 2.5 U 5 U 2.5 U 13 J G02 2/20/1992 5 5 1.1 U 1.1 U 1.1 U 3.1 U 1.1 U 3.2 BU
PL2‐218A 7/27/1992 10 10 38 56 3.3 U 6.5 U 3.3 U 45 G02 2/20/1992 9.5 9.5 1.3 U 1.3 U 1.3 U 3.9 U 1.3 U 2.5 JBU
PL2‐218A 7/27/1992 15 15 480 1200 120 380 2.9 U 11 J G03 2/17/1992 1 1 1.1 U 1.1 U 1.1 U 3.2 U 1.1 U 3.7 BU
PL2‐218A 7/27/1992 23 23 37 26 3 7.3 1.8 2.5 U G03 2/17/1992 5 5 1.2 U 1.2 U 1.2 U 3.6 U 1.2 U 4.6 BU
PL2‐218A 7/27/1992 28 28 1.2 U 1.2 U 1.2 U 2.4 U 1.2 U 2.4 U G05 2/19/1992 1 1 1.1 U 1.1 U 1.1 U 3.2 U 1.1 U 1.2 JBU
PL2‐218B 8/6/1992 43 43 11 140 1.3 U 2.7 U 2.2 2.7 JU G05 2/17/1992 5 5 1.1 U 1.1 U 1.1 U 3.3 U 1.1 U 1.4 JBU
PL2‐218B 8/6/1992 50 50 7.5 98 1.3 U 2.6 U 3 2.6 JU G05 2/17/1992 10 10 1.3 U 1.3 U 1.3 U 3.8 U 1.3 U 4.5 BU
PL2‐218B 8/6/1992 58 58 13 260 1.2 U 2.4 U 1.2 U 7.1 JU G07 2/14/1992 1 1 1.1 U 1.1 U 1.1 U 3.4 U 1.1 U 4.4 BU
PL2‐244A 8/4/1994 11.5 11.5 36 19 1.2 U 2.4 U 1.2 U 4.5 BU G07 2/14/1992 5 5 1.2 U 1.2 U 1.2 U 3.5 U 1.2 U 2.2 JBU
PL2‐244A 8/4/1994 15 15 25 150 3 2.4 U 1.2 U 5.2 BU G07 2/14/1992 12 12 1.4 U 1.4 U 1.4 U 4.1 U 1.4 U 1.8 JBU
PL2‐244A 8/4/1994 20 20 3.6 10 1.2 U 2.5 U 1.2 U 4.7 BU H19 2/18/1992 1 1 1.1 U 1.1 U 1.1 U 3.2 U 1.1 U 3.3 BU
PL2‐246A 8/4/1994 10 10 1.2 U 1.2 U 1.2 U 2.4 U 1.2 U 5 BU H19 2/18/1992 5 5 1 U 1 U 1 U 3 U 1 U 1.5 JBU
PL2‐246A 8/4/1994 15 15 1.3 U 1.3 U 1.3 U 2.6 U 1.3 U 5.8 BU H19 2/18/1992 12.5 12.5 1.3 U 1.3 U 1.3 U 3.9 U 1.3 U 4.7 BU
PL2‐246A 8/4/1994 20 20 1.2 U 1.2 U 1.2 U 2.5 U 1.2 U 4.4 BU HL1 2/19/1992 5 5 1.1 U 1.1 U 1.1 U 3.3 U 1.1 U 2.2 U
PL2‐248A 8/5/1994 10 10 52 1.5 1.2 U 2.4 U 1.2 U 3 BU HL1 2/19/1992 9.5 9.5 1.2 U 1.2 U 1.2 U 3.7 U 1.2 U 2 JBU
PL2‐248A 8/5/1994 15 15 1.2 U 1.2 U 1.2 U 2.4 U 1.2 U 4.2 BU HP‐AL‐20 8/20/1990 2.5 4 5 U 5 U 5 U 5 U 5 U 5 UJB
PL2‐248A 8/5/1994 20 20 1.2 U 1.2 U 1.2 U 2.5 U 1.2 U 3.7 BU P2CS‐2‐10‐T‐M 8/17/2005 3 3 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U 2.3 U
PL2C‐2‐10‐A 9/7/2005 4 4 0.98 U 0.98 U 0.98 U 0.98 U 0.98 U 2 U P2CS‐2‐10‐T‐N 8/17/2005 3 3 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U 2.1 U
PL2C‐2‐10‐B 9/7/2005 4 4 0.98 U 0.98 U 0.98 U 0.98 U 0.98 U 2 U P2CS‐2‐10‐T‐S 8/17/2005 3 3 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U 2.4 U
PL2C‐2‐10‐E 9/9/2005 4.5 4.5 1 U 1 U 1 U 1 U 1 U 2.1 U PL2‐201A 2/11/1992 1 1 1.1 U 1.1 U 1.1 U 3.4 U 1.1 U 7.9 BU
PL2C‐2‐10‐F 9/9/2005 4.5 4.5 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U 3.5 PL2‐201A 2/11/1992 5 5 1.1 U 1.1 U 1.1 U 3.3 U 1.1 U 1.3 JBU
PL2C‐2‐10‐G 9/14/2005 2.8 2.8 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U 4.3 PL2‐202A 2/12/1992 1 1 1.2 U 1.2 U 1.2 U 3.5 U 1.2 U 4.5 BU
PL2C‐2‐10‐G 9/14/2005 6 6 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U 5.5 PL2‐202A 2/12/1992 5 5 1.1 U 1.1 U 1.1 U 3.4 U 1.1 U 3.8 BU
PL2C‐2‐10‐H 9/13/2005 3.5 3.5 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U 4.5 PL2‐203A 2/11/1992 1 1 1.2 U 1.2 U 1.2 U 3.7 U 1.2 U 2.5 U
PL2C‐2‐10‐I 9/20/2005 8 8 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U 2.2 U PL2‐203A 2/11/1992 5 5 1.3 U 1.3 U 1.3 U 3.9 U 1.3 U 2.6 U
PL2C‐2‐10‐L 10/4/2005 3.5 3.5 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U 9.6 PL2‐204A 2/13/1992 1 1 1.2 U 1.2 U 1.2 U 3.6 U 1.2 U 1.5 JBU
PL2C‐2‐10‐O 7/26/2006 4.5 4.5 1 U 1 U 1 U 1 U 1 U 11 PL2‐204A 2/13/1992 5 5 1.1 U 1.1 U 1.1 U 3.4 U 1.1 U 1.4 JBU
PL2C‐PL52‐Bott‐0105 9/27/2006 10.25 10.5 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U 3.6 PL2‐206A 2/14/1992 1 1 1.1 U 1.1 U 1.1 U 3.4 U 1.1 U 4.8 BU
PL2CS‐2‐120‐01 9/27/2006 5.75 6 1.2 U 1.2 U 1.2 U 1.2 U 1.2 U 2.4 U PL2‐206A 2/14/1992 5 5 1.4 U 1.4 U 1.4 U 4.1 U 1.4 U 1.1 JBU
PL2CS‐2‐120‐02 9/27/2006 5.75 6 1.3 U 1.3 U 1.3 U 1.3 U 1.3 U 2.5 U PL2‐209A 2/20/1992 1 1 6 1.1 U 1.1 U 2.1 U 1.1 U 2.2 BU
SB‐01016 8/16/1994 1.5 1.5 1.1 U 1.1 U 1.1 U 2.2 U 1.1 U 2.2 U PL2‐209A 2/20/1992 5 5 2.9 1 U 1 U 1.9 U 1 U 2.1 BU
SB‐01016 8/16/1994 3.5 3.5 1.4 U 1.4 U 1.4 U 2.8 U 1.4 U 2.8 U PL2‐209A 2/20/1992 9.5 9.5 27000 560 19 44 1.4 B 2.5 BU
SB‐01017 8/16/1994 1.5 1.5 1.3 U 1.3 U 1.3 U 2.6 U 1.3 U 2.6 U PL2‐209B 7/30/1992 5 5 4 1 U 1 U 2.1 U 1 U 3.1 JU
SB‐01017 8/16/1994 3.5 3.5 1.3 U 1.3 U 1.3 U 2.6 U 1.3 U 2.6 U PL2‐209B 7/30/1992 10 10 2.4 1.1 U 1.1 U 2.3 U 1.1 U 2.3 JU
SB‐01023 8/11/1994 6 6 1 U 1 U 1 U 2.1 U 1 U 2.1 U PL2‐209B 7/30/1992 15 15 32000 4800 67 410 J 1.3 U 2.6 JU
SB‐01023 8/11/1994 12 12 1.3 U 1.3 U 1.3 U 2.6 U 1.3 U 4.9 PL2‐209B 7/30/1992 20 20 300 160 5.4 U 11 U 5.4 J 11 JU
SB‐01024 8/10/1994 1 1 1.1 U 1.1 U 1.1 U 2.1 U 1.1 U 8.1 PL2‐209B 7/30/1992 33 33 150 66 5.4 U 11 U 8.2 J 11 JU
SB‐01024 8/10/1994 6 6 1.8 1 U 1 U 2.1 U 1 U 5.5 PL2‐209B 7/30/1992 45 45 90 37 5.7 U 11 U 7.7 J 11 JU
SB‐01024 8/10/1994 11.5 11.5 1.3 U 1.3 U 1.3 U 2.6 U 1.3 U 3.5 PL2‐209B 7/30/1992 50 50 45 13 5.4 U 11 U 8.6 11 JU
SB‐01039 8/10/1994 1 1 1.1 U 1.1 U 1.1 U 2.1 U 1.1 U 4.3 PL2‐209B 7/30/1992 55 55 120 51 5.1 U 10 U 7.3 81
SB‐01039 8/10/1994 6 6 2.5 1.2 U 1.2 U 2.3 U 1.2 U 3.9 PL2‐213B 8/7/1992 5 5 1 U 1 U 1 U 2 U 1 U 2.4
SB‐01039 8/10/1994 9.5 9.5 1.3 U 1.3 U 1.3 U 2.6 U 1.3 U 3.7 PL2‐213B 8/7/1992 10 10 1.3 U 1.3 U 1.3 U 2.7 U 1.3 U 2.7 U
SB‐01042 2/16/1995 11 11 1.3 U 1.3 U 1.3 U 2.7 U 1.3 U 2.7 U PL2‐213B 8/7/1992 15 15 1.3 U 1.3 U 1.3 U 2.7 U 1.3 U 3.6
SB‐01043 2/16/1995 11 11 1.4 U 1.4 U 1.4 U 2.8 U 1.4 U 2.8 U PL2‐213B 8/7/1992 20 20 1.3 U 1.3 U 1.3 U 2.6 U 2.4 J 9.4
SB‐01505 3/31/1994 1 1 1.1 U 1.1 U 1.1 U 2.2 U 1.1 U 2.2 U PL2‐213B 8/7/1992 27 27 1.2 U 1.2 U 1.2 U 2.5 U 1.3 J 5.9
SB‐01505 3/31/1994 2 2 1.4 U 1.4 U 1.4 U 2.8 U 1.4 U 2.8 U PL2‐213B 8/7/1992 30 30 1.3 U 1.3 U 1.3 U 2.5 U 1.5 J 2.5 U
SB‐01505 3/31/1994 6 6 1.3 U 1.3 U 1.3 U 2.7 U 1.3 U 2.7 U PL2‐214A 7/31/1992 5 5 1 U 1 U 1 U 2.1 U 1 U 11 JU
SB‐01506 3/31/1994 11 11 1.3 U 1.3 U 1.3 U 2.6 U 1.3 U 2.6 U PL2‐214A 7/31/1992 10 10 1.2 U 1.2 U 1.2 U 2.4 U 1.2 U 4.5 JU
SB‐01507 4/1/1994 9 9 1.1 U 1.1 U 1.1 U 2.1 U 1.1 U 2.1 U PL2‐214A 7/31/1992 15 15 14 33 1.3 U 2.7 U 1.3 U 5 JU
SB‐01508 4/1/1994 1 1 1.1 U 1.1 U 1.1 U 2.1 U 1.1 U 2.1 U PL2‐214A 7/31/1992 20 20 2.5 8.8 1.3 U 2.6 U 4 3 JU
SB‐01508 4/1/1994 6.5 6.5 1.4 U 1.4 U 1.4 U 2.8 U 1.4 U 3 PL2‐214B 8/3/1992 28 28 1.2 U 4.4 1.2 U 2.5 U 2.6 JU 2.5 U
SB‐01508 4/1/1994 11 11 1.3 U 1.3 U 1.3 U 2.6 U 1.3 U 2.6 U PL2‐214B 8/3/1992 35 35 1.2 U 2.4 1.2 U 2.4 U 2.4 B 2.4 U
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Table A.2
Soil Data Compilation

Boeing Plant 2

Group 1: Area 2-10 North Steetpile Group 2: Area 2-10 South Steetpile

TCE cis‐1,2‐DCE
trans‐1,2‐

DCE VC Chloroform
Methylene 
Chloride TCE cis‐1,2‐DCE

trans‐1,2‐
DCE VC Chloroform

Methylene 
Chloride

Location Date Top (ft) Bottom (ft) µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg Location Date Top (ft)
Bottom 
(ft) µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg

Soil Samples  Soil Samples 

SB‐01509 4/1/1994 7 7 1.2 U 1.2 U 1.2 U 2.3 U 1.2 U 2.3 U PL2‐214B 8/3/1992 43 43 1.2 U 2.9 1.2 U 2.4 U 2.1 J 2.4 U
SB‐01509 4/1/1994 11.5 11.5 1.4 U 1.4 U 1.4 U 2.7 U 1.4 U 2.7 U PL2‐214B 8/3/1992 50 50 1.4 U 1.4 U 1.4 U 2.7 U 1.4 U 2.7 U
T08 2/18/1992 1 1 1.1 U 1.1 U 1.1 U 3.4 U 1.1 U 5.1 BU PL2‐214B 8/3/1992 60 60 1.2 U 1.2 U 1.2 U 2.5 U 1.7 2.5 U
T08 2/18/1992 5 5 1.1 U 1.1 U 1.1 U 3.2 U 1.1 U 5.8 BU PL2‐216A 8/4/1992 5 5 1 U 1 U 1 U 2 U 1 U 7.1
T2C 2/21/1992 1 1 0.8 J 1.1 U 1.1 U 2.2 U 1.1 U 2.5 BU PL2‐216A 8/4/1992 10 10 1.2 U 1.2 U 1.2 U 2.3 U 1.2 U 3
T2C 2/21/1992 5 5 1 U 1 U 1 U 1.9 U 1 U 0.8 NBU PL2‐216A 8/4/1992 15 15 1.4 U 1.4 U 1.4 U 2.7 U 1.4 U 2.7 U
T2C 2/21/1992 9.5 9.5 1.2 U 1.2 U 1.2 U 2.4 U 1.2 U 1.8 JBU PL2‐216A 8/4/1992 30 30 1.2 U 1.2 U 1.2 U 2.5 U 2.3 J 2.9

T2D 2/19/1992 1 1 1.2 U 1.2 U 1.2 U 3.6 U 1.2 U 2.8
T2D 2/19/1992 5 5 1.3 U 1.3 U 1.3 U 3.8 U 1.3 U 2 J
T53 2/20/1992 1 1 1 U 1 U 1 U 3.1 U 1 U 4.2 BU
T53 2/20/1992 5 5 1 U 1 U 1 U 3.1 U 1 U 3.2 BU
T64 2/18/1992 1 1 1.2 U 1.2 U 1.2 U 3.5 U 1.2 U
T64 2/18/1992 1 1 5.1 BU
T64 2/18/1992 5 5 1.1 U 1.1 U 1.1 U 3.2 U 1.1 U 3.1 BU
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DEPTH 6 - 12 FT
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p( Sample location where constituent was not analyzed.
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Plant 2 Sub-Area Boundary.
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2-10 AREA 
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PL2-212B (6,400 µg/kg, 10 - 10)

PL2-210A (1.3 U µg/kg, 10 - 10)

PL2-209A (560 µg/kg, 9.5 - 9.5)

PL2C-2-10-I (1.1 U µg/kg, 8 - 8)

PL2-244A (19 µg/kg, 11.5 - 11.5)

PL2-212A (44,000 µg/kg, 11 - 11)

SB-01039 (1.3 U µg/kg, 9.5 - 9.5)

PL2-231A (1.2 U µg/kg, 7.5 - 7.5)

SB-01024 (1.3 U µg/kg, 11.5 - 11.5)
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1.0 Introduction 

This Sampling and Analysis Plan (SAP) was developed for The Boeing Company (Boeing).  The 
SAP describes the protocols that will be followed for the planned environmental sampling 
associated with Interim Measures (IMs) for the 2-10 Area north and south (N/S) sheetpiles. 

The Quality Assurance Project Plan (QAPP) has been prepared as a separate document.  The 
QAPP describes the necessary Quality Assurance (QA) procedures, documents the results of 
the project’s technical planning process, identifies the data quality objectives, and identifies key 
project personnel. 

This SAP has been prepared as an integral part of the Work Plan and is to be combined with 
the Work Plan and the project-specific Health and Safety Plan (HASP, Appendix C) for project 
implementation.  The Work Plan (and the associated Appendices including the SAP and the 
HASP) along with the QAPP have been prepared under The Administrative Order on Consent 
(Order) issued by the United States Environmental Protection Agency (USEPA) Region 10 
(RCRA Docket Number 1092-01-22-3008[h] January 18, 1994). 

1.1 BACKGROUND 

The project location, background, relevant history and sampling objectives are defined in the 
Work Plan (Refer to Sections 1.0 and 2.0 of the Work Plan).  Refer to Work Plan Figures 1.1 
and 1.2 for a general location of Plant 2 and the sheetpile locations at the site, respectively.   

This SAP defines the sampling procedures for collection of soil, soil vapor and groundwater 
samples that will be collected in the area of the 2-10 N/S sheetpiles for IM planning and 
implementation.   

1.2 PURPOSE 

The IM characterization field work consists of sampling soil, soil vapor and groundwater from 
selected locations and monitoring wells at positions inside and outside of the N/S sheetpiles in 
the 2-10 Area to assist in the technology selection for the IMs.  The purpose of this SAP is to 
describe the soil, soil vapor, and groundwater sample collection, handling, and analytical 
requirements to be used as part of the IM characterization work.   

The objectives of the sampling program are summarized below: 

 Groundwater:  Characterize current site conditions with respect to the potential for 
reductive dechlorination of chlorinated volatile organic chemicals (CVOCs).   

 Vadose Soil and Soil Vapor:  Characterize the current occurrence of VOCs present 
in soil and soil vapor in the areas of the 2-10 sheetpiles that had previously exhibited 
the highest VOC concentrations in soil with respect to the potential for solvent vapor 
extraction as a remedial technology.  
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2.0 Monitoring Methodologies, Procedures, and Schedules 

2.1 GROUNDWATER 

2.1.1 Groundwater Sampling and Analysis  

Groundwater sampling will be performed at 19 of the 25 monitoring wells listed in Table B.1 and 
shown in Figure 3.1 of the Work Plan.  Six of the monitoring wells listed in Table B.1, including 
Wells PL2-258A, PL2-258B, PL2-258C, PL2-214A, PL2-214B, and PL2-214C are sampled 
regularly as part of the Shoreline Monitoring Program and will not be sampled as part of this 
Work Plan.   Well construction details, relevant elevations from top of casing measurement point 
and planned analyses for each of the monitoring wells are also summarized in Table B.1.   

All groundwater samples will be analyzed for VOCs.  Limited sampling and analyses will be 
done for TOC, selected dissolved metals (arsenic and manganese, two redox sensitive 
species), major cations (calcium, magnesium, potassium, and sodium), major anions (chloride, 
sulfate, and alkalinity [biocarbonate, carbonate, and hydroxide ion]), Dehalococcoides (DHE) 
bacterial census count, dissolved gases (including ethane and ethene) and field parameters 
(dissolved oxygen and redox potential).  Sampling parameters are listed by well in Table B.1.  
Groundwater monitoring objectives by analyte are described in Table B.2. 

Analytical methods, bottle types, and preservatives are summarized in Table B.3.  All 
environmental sample containers will be laboratory-prepared and pre-cleaned to standards as 
required under USEPA SW 846 protocols.  Analytical results for samples collected as part of the 
monitoring program will be validated following Level I data review procedures. 

2.1.2 Groundwater Sampling Schedule 

Groundwater sampling will be conducted once according to the schedule in the Work Plan. 

2.1.3 Groundwater Sampling Procedures  

The groundwater sampling will follow the procedure listed in the SOPs (refer to Attachment 1) 
and include the following steps:  well inspection, water level measurement, low-flow purging (or 
sampling with a passive diffusion bag),, field parameter stabilization measurements during 
purging, and sample collection for laboratory analysis.  The groundwater sampling will use low 
flow sampling procedures unless otherwise noted.   

Three of the wells (PL2-212B, PL2-218A, PL2-218B) have relatively long screens that will be 
sampled for VOCs at two discrete depths using passive diffusion bags (PDBs) in order to 
identify any stratifications of the VOC plume over the intervals tested.  For Well PL2-212B PDB 
samples will be collected at 40 and 53 ft bgs; for PL2-218A PDB samples will be collected at 15 
and 28 ft bgs; for PL2-218B PDB samples will be collected at 45 and 58 ft bgs.  PDBs will be 
placed in the wells a minimum of two weeks before sample collection.  The long sampling 
interval will also have the effect of removing any short term variability due to tidal fluctuations at 
the two depths. 
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Three other monitoring wells in the area also have relatively long screen intervals (PL2-209B, 
PL2-214A, and PL2-214B, each with a 15 feet screen interval length).  Existing data from each 
of these wells (PL2-209B, PL2-214A, and PL2-214B) indicate VOC concentrations at less than 
method detection limits (with detection limits ranging from 0.2 to 2 µg/L) in multiple sampling 
events spanning several years.  Based on the existing data, additional sampling of these wells 
at multiple depth intervals is not necessary for the IM design, these wells will be sampled using 
standard low-flow sampling procedures. 

2.2 SOIL 

2.2.1 Soil Sampling and Analysis  

Soil sampling will be performed at the seven locations listed in Table B.4 and shown in Figure 
3.2 of the Work Plan.  All soil samples will be analyzed for VOCs, and select samples will be 
analyzed for grain size distribution.  Soil sampling objectives by analyte are described in Table 
B.5.  Analytical methods, bottle types, and preservatives are summarized in Table B.6.  
Analytical results for samples collected as part of the monitoring program will be validated 
following Level I data review procedures. 

2.2.2 Soil Sampling Schedule 

Soil sampling will be conducted once according to the schedule in the Work Plan. 

2.2.3 Soil Sampling Procedures  

The soil samples will be collected with either a direct push rig or, potentially by hand auger, if 
suitable direct push access is not feasible.   The soil sampling will follow the procedures listed in 
the SOPs (refer to Attachment 1).  Soil sampling for lithologic logging will be conducted and 
selected samples will be collected for grain size analysis.  Grain size samples will be collected 
in 1 gallon baggies and appropriately labeled to identify the location and depth at which they 
were collected.  Some additional soil samples for waste characterization associated with 
Investigation Derived Waste (IDW) may also be collected.  These samples will be collected in 
accordance with the SOPs in Attachment 1.  

Soil samples for VOCs analysis will be collected using a split-spoon core or acetate sleeve 
(unless hand coring is required).  A field photo ionization detector (PID) will be used to scan the 
length of the recovered sample and identify any layers or lenses with a higher PID response 
(indicating the presence of organic vapors).  One or more soil samples will be collected from the 
recovered soil core.  The soil samples for VOCs will be sampled in accordance with Method 
5035A.  

2.3 SOIL VAPOR 

2.3.1 Soil Vapor Sampling and Analysis  

Soil vapor sampling will be performed at four locations listed in Table B.7 and shown in Figure 
3.2 of the Work Plan.   All soil vapor samples will be analyzed for VOCs.  Soil vapor sampling 
analytes and sampling objectives are described in Table B.8.  Analytical methods, container 
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types, and preservatives are summarized in Table B.9.  Analytical results for samples collected 
as part of the monitoring program will be validated following Level I data review procedures. 

2.3.2 Soil Vapor Sampling Schedule 

Soil vapor sampling will be conducted once in accordance with the schedule in the Work Plan.   

2.3.3 Soil Vapor Sampling Procedures  

The soil vapor sampling will follow the procedures listed in the SOPs (refer to Attachment 1) and 
include the following steps:   measure the water level from the nearest well to establish the 
depth to water and target soil vapor sampling interval; auger to the target depth for vapor 
collection; place probe in borehole; fill annular space with sand pack and bentonite surface seal; 
test for surface seal leakage using helium tracer; purge probe of appropriate volume to flush the 
lines; and collect sample for laboratory analysis.   

2.4  SAMPLE IDENTIFICATION NUMBERING 

All samples collected will be assigned a unique identification code based on a sample 
designation scheme that is consistent with the existing database maintained by Golder and 
Associates.  Each sample label will be affixed to the bottle and covered with clear tape.  Tape is 
not required if waterproof labels are used.  A sample tracking record will be kept as each 
sample is collected.  The following will be recorded: location, matrix, sample number, and 
observations. 

All groundwater sample numbers will consist of four components separated by a dash.  These 
components are media code, date, well ID, and sample type.  The sample designation scheme 
is as follows: 

Media Code Date Well ID Sample Type 

GW yy/mm/dd PL2-xxxx T 
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All soil and soil vapor sample numbers will consist of five components separated by a dash.  
These components are media code, date, location ID, depth, and sample type.  The sample 
designation scheme is as follows: 

Media Code Date Location ID Sample Depth Sample Type 

SV yy/mm/dd PL2-xxxx xx T 

 
Where the following are allowable contents for the fields: 

 Media Code.  The media code for groundwater sampling is GW, soil sampling is S, 
and soil vapor sampling is SV. 

 Date.  The date begins with the two-digit year, followed by the two-digit month and 
two-digit day. 

 Well ID:  The site ID of “PL2,” followed by the unique 3 digit well number followed by 
A, B or C to designate the aquifer level in which the well is screened. 

 Location and Depth ID: (used for soil or soil vapor samples from borings/probes) 
The site ID of “PL2,” followed by the unique 4 digit boring number, followed by the 
starting depth in (feet).. 

 Sample Type:  The single character “T” indicates a sample type having one of the 
following values: 

0 Primary field sample 

1 Field duplicate sample 

2 VOC trip blank 

3 Equipment blank 

4 Matrix Spike/Matrix Spike Duplicate (MS/MSD) 

 
Character groups will be separated by a "-" dash.  Examples of a completed sample 
identification number are as follows:  

GW-080929-PL2-212A-0 Primary groundwater sample Boeing Plant 2 monitoring well  
PL2-212A collected on September 29, 2008 

S-080929-PL2-SSL1-10-0 Primary soil sample, Boeing Plant 2 boring SSL1, 10 feet depth, 
collected on September 29, 2008 

Sample numbers will be recorded in the field notebook, on sample container labels, and chain-
of-custody forms.  Other information recorded on the sample container label will include: 

 time and date of sample collection, 

 initials of sampler(s), 

 laboratory analyses to be performed, 
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 preservatives used. 

More detailed information regarding sample labels, sample handling, chain-of-custody, custody 
seals, and sample shipping are documented in the SOPs (Refer to Attachment 1). 

2.5 QUALITY ASSURANCE/QUALITY CONTROL SAMPLES 

Duplicate Samples:  Laboratory and field sampling precision will be evaluated by collecting 
blind field duplicate samples.  One field duplicate sample will be collected per every 10 percent 
or fraction thereof of the total number of groundwater samples per sampling event.  The field 
duplicate sample will be collected under conditions as close as possible to the original sample. 
The field duplicate samples will be labeled like standard samples as noted in Section 2.1 (the 
difference being the sample type flag as the last digit).  The field duplicate sample will be 
distinguished as a duplicate only in the field notes and will be analyzed for the same constituent 
list as the original sample. 

Co-located soil samples: One co-located soil sample will be collected per every 10 percent or 
fraction thereof of the total number of soil samples per sampling event.  The co-located field 
sample will be collected under conditions as close as possible to the original sample. The 
co-located field samples will be labeled like standard samples as noted in Section 2.1 (the 
difference being the sample type flag as the last digit).  The field duplicate sample will be 
distinguished as a co-located field sample only in the field notes and will be analyzed for the 
same constituent list as the original sample. 

Trip Blank Samples:  The potential for VOC contamination from the ambient air will be 
evaluated using trip blank samples.  The trip blank will originate at the laboratory and be re-
labeled upon arrival at this site.  Trip blank samples accompany one cooler of samples during 
sampling and shipping for each day during a sampling event.  

Matrix Spike/Matrix Spike Duplicate Samples:  Potential interferences from the sample matrix 
will be evaluated with MS/MSD samples.  Triplicate volumes of sample will be collected at 
locations specified on the sample matrix. One MS/MSD sample will be obtained for every 5 
percent (or fraction thereof) of the total number of samples collected per event.  MS/MSD 
samples will be given sample names identical to the original field sample but will have 
“MS/MSD” written next to the analysis requested on the sample bottle label and will also be 
noted on the chain-of-custody.  MS/MSD samples will be analyzed for the same constituent 
groups as the original sample. 

2.6 INTRUSIVE INVESTIGATION WORK: DRILLING OPERATIONS AND SAMPLING 
METHODS 

This section summarizes the planning activities required for intrusive work such as well 
drilling/construction and direct push probe sampling.  Specific steps for the planned work 
include utility clearance and site preparation, permitting, and drilling/borehole logging. Borings 
will be drilled to collect both soil and soil vapor samples.  The groundwater wells to be sampled 
will be redeveloped prior to sampling.  While not apart of the current work, installation of 
monitoring wells may be included in future work at the site and a description of this activity is 
also included below. 
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2.6.1 Utilities Clearance and Site Preparation 

Underground utility (gas, water, sewer, power, communication, other) clearance is the initial 
step prior to any intrusive/drilling work.  CALIBRE staffs will conduct a field inspection of the site 
and review available subsurface utility drawings.  The Utility Notification Center (UNC) will be 
notified at least 48 hours prior to initiation of subsurface investigation so that subscribers can 
mark their nearby utilities. 

In addition, CALIBRE will retain an independent utility locator to assess the potential presence 
of subsurface utilities and structures that are not covered by UNC in the vicinity of the proposed 
borings.  Subsurface anomalies detected during the utility survey will be marked with paint 
and/or flagging.  The area around each location will be cleared to a minimum of 5 feet from the 
marked location to allow for alternate locations in case of refusal during drilling at the primary 
location. 

After utilities have been cleared at the proposed boring locations, a subcontractor will core the 
concrete at each location.  If the area indicates many nearby utilities, a vacuum truck equipped 
with an air knife will be used to clear each boring location to an approximate depth of 6- to 8-feet 
prior to drilling.  If a subsurface utility or other obstruction is encountered, the boring locations 
will be adjusted as necessary. 

2.6.2 Permitting 

Any wells to be constructed will meet the minimum standards for construction and maintenance 
of wells as outlined in Chapter 173-160 WAC.  All drilling and well installation will be performed 
by a State of Washington licensed Water Well Operator.  

A notification fee and documentation in the form of a Start Notification (Start Card) will be 
provided to the Washington Department of Ecology before construction begins, and a well log 
will be filed upon completion.   

2.6.3 Drilling and Borehole Logging 

During the initial phase of field work, borings will be advanced using the direct-push method.  
The anticipated boring depths are 10-15 feet; the actual boring depth may change in the field if it 
is determined that greater depths would provide useful characterization data, based on the 
presence of VOC-impacted media from field screening, and the lithology encountered. 

Prior to arriving at the site, the drill rig, tools, and accessories will be decontaminated with a 
pressure washer/steam cleaner.  Down-hole drilling tools and sampling equipment, such as bits, 
augers, rods, and split spoons will be manually washed/rinsed, pressure washed, and/or steam 
cleaned between boreholes/wells at a designated decontamination area.  All decontamination 
wash/rinse water will be collected on-site and containerized for disposal/treatment in 
accordance with applicable regulations. 

The CALIBRE field geologist/engineer who supervises the drilling/well installation will prepare 
lithologic logs of the borings using the Unified Soil Classification System (USCS) following the 
general guidelines of ASTM Standard D-2488 (Description and Identification of Soils).  The field 
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geologist/engineer will keep a detailed log for each sample location including the date sampling 
occurred and the location, depth, standard penetration test/blow counts (if applicable), lithologic 
description (including grain size, relative proportion of grains, angularity, moisture, and color) in 
accordance with the USCS, screening results, and estimate of percent sample recovery.  Visual 
indications of staining or field screening are also recorded on the borehole sample/core log. 

Following sample collection, each direct push probe boring will be backfilled with bentonite chips 
placed from the total depth of each boring to ground surface.  The tops of the borings will be 
patched with concrete or asphalt as appropriate to match the surrounding surface. 

2.6.4 Monitoring Well Design and Installation 

Well casing diameter and screen length is dependent on the purpose of the well, the amount 
and size of downhole equipment that must be accommodated, and the lithology intercepted by 
the screened interval.  The general design and construction of the wells will follow ASTM 
Standard D-5092 (Standard Practice for Design and Installation of Ground Water Monitoring 
Wells in Aquifers).  Details of the well design (i.e., the specific position and targeted screen 
interval) will be based upon a review of prior characterization data in the area including the 
existing (and revised) plume maps/profiles, data from existing wells, and direct push probe 
sampling points.  Any wells to be installed will be constructed with either 2- or 4-inch diameter, 
Schedule 40 PVC well casing.   

Two Geoprobe samples will be completed in the relatively deeper water bearing zone (B zone 
for probe location near PL2-210A, at 50 ft bgs, and lower B zone for probe location near, PL2-
218B, at 85 ft bgs; refer to Table 3.1).  Following sample collection, these sample locations will 
be closed in an appropriate manner to isolate contamination (present in the upper water bearing 
zone) from migration into the deeper water bearing zone. 

The locations of the new borings or monitoring wells will be surveyed by a surveyor licensed in 
the State of Washington.  Each location will be surveyed to determine its map coordinates with 
reference to the State Plane Coordinate System.  All horizontal points will have an accuracy of 
± 1 foot.  The measuring point elevation on the top of the PVC well casing will be surveyed for 
the new monitoring wells.  The elevations will be surveyed to within 0.01 foot and referenced to 
the National Geodetic Vertical Datum, 1929 Adjustment (NGVD29). 

A well construction diagram for each well will be completed in the field on a CALIBRE well log 
form by the field geologist/engineer.  Well installation and construction data will be summarized 
in the daily field log and subsequently transcribed to a well completion diagram. 

2.6.5 Well Development 

Well development will follow general guidelines in ASTM Standard D-5092 (Standard Practice 
for Design and Installation of Ground Water Monitoring Wells in Aquifers).  Each well will be 
developed by performing surge and pump cycles until the water is substantially clear.  Surging 
over the length of the screened interval will be performed for a set period of time or a minimum 
of ten surges.  The well will then be pumped until the water clears significantly.  These surge 
and pump cycles will be repeated until the water is substantially clear shortly after the start of 
pumping.   Other wells in the Plant 2 area have typically been developed using 4 to 6 surge and 
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pump cycles with approximately 50-150 gallons removed.  Development water will be contained 
on-site in drums for appropriate characterization/ disposal/ treatment. 
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3.0 Equipment Operation and Maintenance 

Sampling pumps and field instruments for measuring water quality parameters and organic 
vapors will be operated and maintained and calibrated according to manufacturer’s 
specifications. 
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4.0 Field Documentation and Sample Management 

Sample documentation and control are required to ensure that the data are defensible and to 
verify that appropriate field (and data review) procedures are followed during all phases of the 
project. The field procedures to be followed for documentation, control, and transport of 
environmental samples are described in this section.   

4.1 FIELD DOCUMENTATION 

Field notes will be kept in bound field logbooks and entries will be made with indelible ink.  
Logbook pages will not be removed from the logbook.  Incorrect entries will be noted by striking 
the incorrect entry with a single line, adding the correct entry, and dating and initialing the 
change.  Field logbook entries will include factual information (free of conjecture and subjective 
language) and include sufficient detail such that another person (not the field sampling team) 
reading the logbook entries is able to understand the sampling situation based on the recorded 
information.  Sampling information that should be entered into the field logbook includes the 
following: 

 Date and time of sampling 

 Weather conditions 

 Names or initials of sampling personnel 

 Well or location identification number 

 General condition of well (if noteworthy) 

 Static water level 

 Total depth of well 

 Manufacturer, model number, serial number, and calibration notes for any instrument 
used for static water level measurement, health and safety, or field parameter 
analysis 

 Well purge volume calculations 

 Well purge start time, finish time, and total volume purged 

 Field parameter measurements made during low-flow purging 

 Miscellaneous comments or observations 

 Health and safety monitoring instrument readings (if applicable) 

4.2 FIELD CALIBRATION PROCEDURES 

All equipment will be calibrated according to the manufacturer’s guidelines and the calibration 
will be documented in the field notebook.  Equipment that fails calibration or becomes 
inoperable during use will be removed from service and repaired or replaced.  Data collected 
with equipment that later fails re-calibration will be evaluated.  If the data appear to have been 
affected, the results of the evaluation will be documented and the project manager notified. 
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4.3 SAMPLE CHAIN-OF-CUSTODY AND TRANSPORT 

Sample possession will be traceable from the time of sample collection until receipt of samples 
at the analytical laboratory.  Sample chain-of-custody will be documented following the 
procedures (and documentation) outlined below. 

4.3.1 Field Custody 

Samples collected will be in the custody of the field sampler(s) from the time of sample 
collection until the samples are transferred.  Soil and groundwater samples will be retained in 
coolers with sufficient bagged ice (or blue ice) to maintain an internal temperature of 4 degrees 
Celsius.  The Project Manager will evaluate whether proper custody procedures were followed 
during the fieldwork by reviewing the documentation and discussing procedures with sampling 
personnel.  It will be the responsibility of the Project Manager to decide if additional samples are 
necessary. 

4.3.2 Sample Transfer of Custody and Transport 

A chain-of-custody record will accompany samples.  When transferring custody of the samples, 
the individual relinquishing and receiving the samples will sign, date, and note the time of 
transfer on the chain-of-custody record.   

Samples that are hand-delivered to the laboratory may use one chain-of-custody record for all 
the coolers delivered.  Hand-delivered sample coolers do not need to be sealed with fiber tape 
or custody seals.  It is anticipated that most samples will be delivered to Analytical Resources, 
Inc. (ARI) for analysis after each day of sampling following standard chain-of-custody 
procedures.  If sampling is conducted on days when ARI is closed, the samples will be hand-
delivered the next business day.  ARI’s address is given below. 

4611 South 134th Place, Suite 100 
Tukwila, WA 98168 
Contact:  Ms. Kelly Bottem, 206-695-6211 
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5.0 Decontamination and Waste Management Plan 

5.1 DECONTAMINATION  

Purging and sampling equipment that comes into direct contact with sample media, sample 
containers, or the inside of a monitoring well will be either dedicated equipment (assigned to 
and used at only one well) or single-use, disposable equipment that is replaced between each 
sampling location.  If the sampling equipment is not single-use, disposable equipment, or 
dedicated equipment, it will be decontaminated between each sampling event as described in 
the following sections. 

5.1.1 Aqueous Sampling Equipment Decontamination 

If non-dedicated, multiple-use sampling equipment is used for groundwater sampling, it will be 
decontaminated prior to use and between each sample according to the following steps: 

1. Wash in a solution of Liquinox™ (or equivalent) and potable tap water 

2. Rinse with potable tap water 

3. Rinse with reagent-grade isopropyl alcohol 

4. Rinse with distilled water 

5.1.2 Non-aqueous Sampling Equipment Decontamination  

If non-dedicated, multiple-use sampling equipment is used for soil or soil vapor sampling, it will 
be decontaminated prior to use and between each sample according to the following steps: 

1. Wash in a solution of Liquinox™ (or equivalent) and potable tap water 

2. Rinse with potable tap water 

3. Rinse with distilled water 

5.1.3 Decontamination of Workers and Personal Protective Equipment 

It is anticipated that work associated with the IMs at Boeing Plant 2 will be conducted in 
modified Level D personal protective equipment (PPE).  Requirements for upgrading to Level C 
protection are outlined in the HASP (Appendix C). 

Modified Level D protection includes the following components: 

 cotton or Tyvek™ coveralls 

 Steel-toed, steel-shank leather or rubber boots 

 Safety glasses or equivalent 

 Nitrile inner and outer gloves, or equivalent 

 Hearing protection when appropriate (i.e., while drilling or probing) 
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 Hard hat (when working around drilling or probe rigs) 

5.2 DISPOSAL OF INVESTIGATION-DERIVED WASTE 

Drill cuttings, sample spoils, well development water/purge water, decontamination water and 
other investigation-derived waste (IDW) will be retained on-site in properly labeled Washington 
State Department of Transportation (WSDOT) approved steel drums pending characterization 
for disposal.  Boeing will coordinate characterization of drum contents.  Disposal of all IDW will 
be coordinated with Boeing.  Hazardous wastes will be managed per all applicable regulations.  
Wastes will be manifested to a facility permitted to accept the material or treated on-site in 
Boeing’s permitted Groundwater Treatment System. 
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Table B.1 
Groundwater Monitoring Well Descriptions 

North Sheetpile Area Analyte Groups 

Well ID 

Ground/slab 
Elevation 

(feet  
NVGD 29) 

Screened 
Interval 

(feet bgs) 

Total 
Depth 
(feet 
bgs) 

Aquifer 
Level VOCs1 TOC2 

Selected 
Dissolved 

Metals3 
Dissolved 

Gases4 DHE5

Major 
Cations 

and 
Anions6 

PL2-212A 13 6–16 16 A X X X X X X 
PL2-212B 13 40–55 55 B X** X X    
PL2-218A 13.66 15–30 30 A X** X X X X X 
PL2-218B 13.66 45–60 60 B X** X X X X  
PL2-244A 13 15–20 20 A X X X    
PL2-245A 13 15–20 20 A X      
PL2-247A 13 15–20 20 A X      
PL2-249A 13 15–20 20 A X      
PL2-268AR NA 30–34.5 34.5 A X      
PL2-269A 13 31–36 36 A X      

PL2-258A7 13.45 8–23 23 A X7      

PL2-258B7 13.45 40–50 50 B X7      

PL2-258C7 13.45 92–100 100 C X7      

PL2-259B 13.4 40–50 50 B X      
PL2-248A 12.36 15–20 20 A X      
New probe 
Near 
PL2-218B 

NA ~ 85  85 B-C X      

New probe 
Near 
PL2-210A 

NA ~ 50  50 B X      

South Sheetpile Area Analyte Groups 

Well ID 

Ground/slab 
Elevation 

(feet NVGD 
29) 

Screened 
Interval 

(feet bgs) 

Total 
Depth 
(feet 
bgs) 

Aquifer 
Level VOCs1 TOC2 

 Dissolved 
Metals3 

Dissolved 
Gases4 DHE5 Alkalinity6

PL2-209A 13 8–18 18 A X X X X X X 
PL2-209B 13.68 40–55 55 B X X X    
PL2-252A 12.63 12.5–17.5 17.5 A X X X    
PL2-253A 13.14 12.5–17.5 17.5 A X X X X  X 
PL2-254A 13.06 12.5–17.5 17.5 A X      
PL2-255A 13.15 12.5–17.5 17.5 A X      
PL2-256A 12.82 12.5–17.5 17.5 A X      
PL2-257A 13.01 12.5–17.5 17.5 A X      
PL2-266A NA 26–30.2 30.2 A X      

PL2-214A7 13 15–30 30 A X7      

PL2-214B7 13 45–60 60 B X7      

PL2-214C7 13 75.5–85.5 80 C X7      

PL2-262B 13.49 40–50 50 B X      
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Notes: 
** These selected wells will be sampled with passive diffusion bags (PDBs) for VOCs to identify stratification of 

the VOC plume (if any) over the screen interval; one PDB will be placed near the top of the screened interval; 
the other will be placed near the bottom of the screened interval. PDBs will be placed in the wells a minimum 
of 2 weeks before sample collection. 

Notes (continued): 
x Indicates planned sample/analysis. 
1 VOCs by Method 8260B. 
2 TOC by Method 415.1. 
3 Dissolved metal for arsenic (Method 200.8) and manganese (Method 6010B). 
4 Dissolved gases by RSK-175. 
5 DHE by Bio-Dechlor Census Test RT-PCR. 
6 Alkalinity by 300.1. 
7 Sampled for VOCs in Shoreline monitoring program. 

Abbreviations: 
bgs Below ground surface 

DHE Dehalococcoides 
NA Not available 

NGVD National Geodetic Vertical Datum, 1929 
VOC Volatile organic compound 
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Table B.2 
Groundwater Monitoring Objectives by Analyte 

Analysis Objective 

VOCs Establish baseline or pre-IM VOC 
concentrations for interim measure 

TOC Evaluate the baseline or pre-IM levels of 
organic carbon supplying substrate for 
dechlorination 

Selected Metals (dissolved): Arsenic  and 
Manganese 

Provide baseline or pre-IM concentrations of 
those metals potentially released during ERD 

DHE Census Count Evaluate site conditions for the presence of 
specific dechlorinating bacteria 

Major Cations and Major Anions Evaluate the hardness of site groundwater to 
consider natural buffering capacity 

Dissolved Gases (ethene/ethane) Establish baseline or pre-IM concentrations 
for demonstration of complete dechlorination  

Abbreviations: 
DHE Dehalococcoides 
ERD Enhanced reductive dechlorination 

IM Interim Measure 
TOC Total organic carbon 
VOC Volatile organic compound 
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Table B.3 
Groundwater Monitoring Sample Bottles and Preservatives 

Constituent Group 
Analytical 
Method1 

Bottle Type Preservative 
Number of 
Samples 

VOC  
USEPA 
8260B 

 

(3) 40-ml 
VOA vials 

Ice (4oC)  

HCl (pH<2) 
352 

Total Organic 
Carbon  

USEPA 
415.1 

250-ml amber 
Cool 4oC, 2 ml 9N 
H2SO4 to pH < 2 

113 

Metals (dissolved): 
Arsenic and 
Manganese  

USEPA 
200.8 and 
6010B 

500-ml HDPE 
Field filter, cool to 4oC 
HNO3 to pH<2  

113 

Major Cations: Ca, 
Mg, Na, K) 

USEPA 
6010 

500-ml HDPE 
Cool to 4oC HNO3 to 
pH<2 

4 

Major Anions: 
Chloride and Sulfate 

300.0 500-ml HDPE Cool 4oC 4 

Major Anions: 
Alkalinity 

SM 2320 500-ml HDPE Cool 4oC 4 

DHE census count 
RT-PCR 1 L 

Cool 4oC, 24 hours till 
filtration 

3 

Dissolved gases RSK-175 (3) 40ml glass 
vials 

Cool 4oC 

(no preservative) 

5 

Notes: 
1 Samples will undergo Level I data validation.  Please note this on Chain-of-Custody forms.
2 25 field samples, 3 duplicates, 1 Matrix Spike, 1 Matrix Spike Duplicate, and 3 trip blanks. 
3 9 field samples, 1 duplicate, 1 Matrix Spike, and 1 Matrix Spike Duplicate. 

Abbreviations: 
DHE Dehalococcoides 

H2SO4 Sulfuric acid 
HCl Hydrochloric acid 

HDPE High density polyethylene 
HNO3 Nitric Acid 

SM Standard Methods 
USEPA U.S. Environmental Protection Agency 

VOA Volatile organics analysis 
VOC Volatile organic compound 
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Table B.4 
Soil Sampling Locations 

Soil 
Sampling 
Location 

Planned 
Sampling 

Depth 
(ft bgs) 

Analytes1

VOCs 
Grain Size 
Analysis2 

Location Description 
(Relative to Prior Soil 

Sampling) 

North Sheetpile 

SSL1 5, 10 X X near PL2-212A 

SSL2 5, 10 X X near PL2-212B 

SSL3 10 X  near D43 

SSL4 10, 153 X  near PL2-218A 

South Sheetpile 

SSL5 5, 10 X X near PL2-209A 

SSL6 5, 10 X  near PL2-209B 

SSL7 5, 10 X  near E18 

Notes: 
X Indicates planned sample/analysis. 
1 VOCs by 5035/8260B. 
2 
3 

Grain size by ASTM D422. 
Sample is to be taken from the tidal smear zone to determine if residual TCE is present. 
 

Abbreviations: 
bgs Below ground surface 

VOC Volatile organic compound 
 

Table B.5 
Soil Sampling Objectives by Analyte 

Analysis Objective 

VOCs Establish baseline VOC concentrations prior to interim 
measure implementation. 

Grain size Evaluate grain size in differing geologic layers in order to 
estimate soil permeability and corresponding SVE yield. 

Abbreviations: 
VOC Volatile organic compound 
SVE Soil vapor extraction 
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Table B.6 
Soil Sampling Sample Bottles and Preservatives 

Constituent 
Group 

Analytical 
Method1 

Container 
Type 

Preservative Number of 
Samples 

VOCs (soil) USEPA 
8260B/5035A 

(short list) 

Encore 
sampler 

Ice (4oC), 24 hours to 
lab preservation  

 

162 

Grain size ASTM D422 1 gallon 
baggies 

None 6 

Notes: 
1 Samples will undergo Level I data validation.  Please note this on Chain-of-Custody forms. 
2 14 field samples and 2 co-located splits. 

Abbreviations: 
ASTM American Society for Testing and Materials 

USEPA U.S. Environmental Protection Agency 
VOC Volatile organic compound 

Table B.7 
Soil Vapor Sampling Locations 

Soil Vapor 
Sampling Location 

Planned 
Sampling 

Depth 
(feet bgs) 

Analytes 

VOCs1 

Description of 
Location (Relative to 
Prior Soil Sampling) 

North Sheetpile  

SSL1 8 X near PL2-212A 

SSL4 8 X near PL2-218A 

South Sheetpile 

SSL5 8 X near PL2-209A 

SSL7 8 X near E18 

Notes: 
X Indicates planned sample/analysis. 
1 VOCs by TO-15. 

Abbreviations: 
bgs Below ground surface 

VOC Volatile organic compound 
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Table B.8 
Soil Vapor Sampling Objectives by Analyte 

Analysis Objective 

VOCs Establish baseline VOC concentrations prior to Interim 
Measure implementation. 

Abbreviations: 
VOC Volatile organic compound 

 

Table B.9 
Soil Vapor Sampling Sample Bottles and Preservatives 

Constituent 
Group 

Analytical 
Method 

Container 
Type 

Preservative 
Number of 
Samples 

VOCs TO-151  
6 L SUMMA® 
canister 

None 62 

Notes: 
1 Samples will undergo Level I data validation.  Please note this on Chain-of-Custody forms. 
2 4 field samples, 1 duplicate, 1 trip blank.  Because the use of SUMMA canisters does not allow for 

"spiking" air samples, a matrix spike/matrix spike duplicate analysis cannot be performed on the 
soil-gas sample. 

Abbreviations: 
VOC Volatile organic compound 

SUMMA Registered trademark of Melectrics Corporation for a stainless steel canister whose interior has 
been polished and passivated for use in air sampling. 
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CONTINGENCY PLAN AND EMERGENCY PROCEDURES 
CALIBRE STANDARD OPERATING PROCEDURES 

 
1.0 POLICY 
 
It is the policy of CALIBRE that any individual engaging in conducting field work on job sites will 
abide by the procedures outlined in this document.  These emergency procedures are designed to 
meet or exceed applicable the Occupational Safety and Health Administration (OSHA) standards 
for safe work practices.  
 
2.0 PURPOSE 
 
The purpose of this contingency plan is to lessen the potential impact on the public health and the 
environment in the event of an emergency circumstance, including a fire, explosion, or unplanned 
release of dangerous waste or dangerous waste constituents to air, soil, surface water, or ground 
water.  This contingency plan has been developed to eliminate or minimize potential impacts of 
such emergency circumstances, and the elements of this plan are to be implemented immediately in 
emergency circumstances. 
 
3.0 RESPONSE ACTIONS 
 
The key response actions to be taken in an emergency situation include the following: 
 

1) In the event of a fire, worker will immediately notify the local fire department.  If this 
person has been trained in the proper use of fire extinguishers, he or she may then attempt to 
extinguish the fire if this can be done safely, but only after first notifying the local fire 
department. 
 

2) In the event of a small spill, the worker will immediately act to contain the spill using the 
on-site spill response materials.  After the spill has been contained, the worker will arrange 
cleanup of the spill residuals and notify the client contact.  For any larger spills, the worker 
will contact local Fire and Security. 

 
3) In the event of a fire, explosion, or other release that could threaten human health outside the 

facility or that has reached waters of the state, the worker must notify Boeing Fire and 
Security.  Note the following: 

 
• The date, time, and type of incident; 
• The quantity and type of dangerous waste involved in the incident; 
• The extent of injuries, if any; and 
• The estimated quantity and disposition of recovered materials, if any. 

 
All employees performing operation and maintenance activities at the site will understand proper 
waste handling and emergency procedures relative to their job responsibilities.  As noted above, 
because of the limited number of employees working on the site, all employees will be responsible 
for reviewing and understanding the required procedures for management of process waste streams 
before they are allowed to work on site. 
 



2 
Contingency Plan and Emergency Procedures SOP 3 April 2007 

1) Description of Actions Which O&M Workers Must Take in Case of Emergency 
 
Actions to be taken if any event occurs during operation of the project that is an emergency 
circumstance, including a fire, explosion, or unplanned release of waste or waste constituents to air, 
soil, surface water, or ground water will include: 

 
• The equipment is to be shutdown immediately. 
• If a fire exists, notify the fire department, use the on-site fire extinguisher. 
• If a discharge exists, take immediate actions stop the discharge (shut off valve or other 

mechanism), call 911, use spill containment equipment to contain and cleanup any materials 
spilled. 

• Notify client contacts and other project contacts (Attachment A). 
 
2) Local Emergency Facilities 
The Project Heath and Safety Plan (present on site) describes the route to a hospital.   
 
3) Emergency Equipment at the Facility  

The emergency equipment located on site includes:  
• fire extinguisher 
• spill control equipment (storm drain cover, absorbent pads and bulk media, shop-vac and 

extension cord, brooms, storage drum, decontamination equipment). 
 
This list will be updated as appropriate.  

 
4) Copies of Contingency Plan  
 
A copy of this contingency plan and all revisions to the plan will be maintained at the facility and 
submitted to all local emergency response teams that may be called upon to provide emergency 
services. 

 
5) Amendments 
 
The owner/operator will review and amend the contingency plan, if necessary, whenever any of the 
following occur: 

 
• Applicable regulations or the facility permit are revised 
• The plan fails in an emergency 
• The facility changes (in its design, construction, operation, maintenance, or other 

circumstances) in a way that materially increases the potential for fires, explosions, or 
releases of dangerous waste or dangerous waste constituents, or in a way that changes the 
response necessary in an emergency 

• The list of emergency coordinators changes 
• The list of emergency equipment changes 
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Review and Signature 
 
The following operations staff have reviewed this contingency plan (and the primary O&M Manual) 
and hereby certify that they understand the objectives and requirements of this plan. 
 
 
 
Name         Date
 
 
__________________________________________             _________________________ 
 
 
__________________________________________             _________________________ 
 
 
__________________________________________             _________________________ 
 
 
__________________________________________             _________________________ 
 
 
__________________________________________             _________________________ 
 
 
___________________________________________          _________________________ 
 
 
__________________________________________             ________________________ 
 
 
___________________________________________          _________________________ 
 
 
__________________________________________            _________________________ 
 
 
_________________________________________              _________________________ 
 
 
_________________________________________              _________________________ 
 
 
_________________________________________              _________________________ 
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DECONTAMINATION OF SAMPLING EQUIPMENT 
CALIBRE STANDARD OPERATING PROCEDURES  

 
1.0 POLICY 
 
It is the policy of CALIBRE that any individual engaging in field work requiring the 
decontamination of field equipment or instruments will abide by the procedures outlined in this 
document.  These procedures are designed to meet or exceed applicable Occupational Safety and 
Health Administration (OSHA) standards for safe work practices.  
 
2.0 PURPOSE 
 
The purpose of this standard operating procedure (SOP) is to provide the methods and procedures 
for decontamination of sampling or field equipment used in the collection of environmental samples 
and/or used for field activities at known or potentially contaminated sites.  
 
3.0 SCOPE AND APPLICATION 
 
This SOP should be used for decontaminating all disposable and non-disposable equipment used 
during field work.  Items requiring decontamination may include personal protective equipment, 
sample equipment (shovels, trowels, pumps, tubing, depth to water probe, etc.) and heavy 
equipment (backhoes, direct-push probes, and drill rig augers).  Upon completion of 
decontamination procedure, record that the decontamination activities have occurred in the field 
logbook and/or sample data record sheet.   
 
4.0 EQUIPMENT 
 

1. Potable water supply. 
2. Liquinox or other specified cleaning agent.   
3. Deionized (DI) water. 
4. Buckets/tubs for wash and rinse. 
5. Other decontamination liquids/solvents specified in site-specific plans. 
6. Drums (55-gallon) or other containers for containerizing decontamination fluids. 
7. Pressure washer and containment pad for heavy equipment.  
8. Sample containers for sampling decontamination fluids (if required). 

 
5.0 DECONTAMINATION PROCEDURES 
 
5.1 Decontamination Procedures for Water Level Meters and the Water Quality Field 

Parameter Sensors 
 
The electronic water level indicator probe/steel tape and the water-quality field parameter sensors 
will be decontaminated by the following procedures: 

• The water level meter will be hand washed with phosphate free detergent and a scrubber, 
then thoroughly rinsed with distilled water. 

• Water quality field parameter sensors and flow-through cell will be rinsed with distilled 
water between sampling locations.  No other decontamination procedures are necessary or 
recommended for these probes since they are sensitive.  After the sampling event, the flow 
cell and sensors must be cleaned and maintained per the manufacturer’s requirements. 
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• Containerize, label, and sample (if required) all decontamination fluids for appropriate 
disposal. 

 
5.2 Decontamination Procedure for Sampling Pumps 
 
Upon completion of the groundwater sample collection the sampling pump must be properly 
decontaminated between monitoring wells.  The pump and discharge line including support cable 
and electrical wires which were in contact with the groundwater in the well casing must be 
decontaminated by the following procedure: 

• The outside of the pump, tubing, support cable and electrical wires must be pressured 
sprayed with soapy water, tap water and distilled water.  Spray inside and outside of tubing 
and pump until water is flowing off of tubing after each rinse.  Use bristle brush to help 
remove visible dirt and contaminants. 

• Place the sampling pump in a bucket or in a short PVC casing (4-in. diameter) with one end 
capped.  The pump placed in this device must be completely submerged in the water.  A 
small amount of phosphate free detergent must be added to the potable water (tap water).  

• Remove the pump from the bucket or 4-in. casing and scrub the outside of the pump housing 
and cable. 

• Place pump and discharge line back in the 4-in. casing or bucket, start pump and re-circulate 
this soapy water for 2 minutes (wash). 

• Re-direct discharge line to a 55-gallon drum; continue to add 5 gallons of potable water (tap 
water) or until soapy water is no longer visible. 

• Turn pump off and place pump into a second bucket or 4-in. casing which contains tap 
water, continue to add 5-gallons of tap water (rinse). 

• Turn pump off and place pump into a third bucket or 4-in. casing which contains 
distilled/deionized water, continue to add three to five gallons of distilled/deionized water 
(final rinse). 

• If a hydrophobic contaminant is present (such as separate phase, high levels of PCB’s, etc.), 
an additional decontamination step, or steps, may be added.  For example, an organic 
solvent, such as reagent-grade isopropanol alcohol may be added as a first spraying/bucket 
prior to the soapy water rinse/bucket. 

• Containerize, label, and sample (if required) all decontamination fluids for appropriate 
disposal. 

 
5.3 Decontamination Procedures for General Field Sampling Equipment and PPE 
 
Field sampling tools such as shovels, trowels, and PPE will be cleaned using the following 
procedures:  

• Spray/rinse off excess dirt, mud, or other residue with potable water. 
• Scrub sampling equipment and soiled PPE in potable water and Liquinox or other non-

phosphate detergent. 
• Rinse with potable water. 
• Rinse reusable sampling equipment with deionized water, air dry, and store in aluminum 

foil. 
• Rinse with methanol, hexane, isopropanol, nitric acid, or other cleaning agents if specified in 

QAPP or SAP. 
• Dispose of all cleaned equipment/PPE appropriately. 
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• Containerize, label, and sample (if required) all decontamination fluids for appropriate 
disposal. 

 
5.4 Decontamination Procedures for Heavy Equipment 
 
Heavy equipment requiring decontamination may include drill rigs, drill augers, direct-push rods 
and samplers, backhoes, and other equipment that has contacted potentially contaminated media.  
The procedures include the following: 

• Construct a lined containment pad for collection of all soil, residue, and decontamination 
fluids. 

• Pressure wash equipment with potable water until clean. 
• Rinse sampling equipment (such as direct-push split spoon or sampler) in DI water, air dry, 

and store in clean container (such as aluminum foil).  Use other cleaning agents if specified 
in QAPP or SAP. 

• Containerize all sediments/soils and decontamination fluids in 55-gallon drums.  Separate 
media (soil, water) if possible and sample for appropriate disposal.  Label all containers with 
contents, date, location, and contact information. 

• Decontaminate containment pad or pad liner.  Dispose of all non-reusable items 
appropriately after thoroughly decontaminated.  

• Containerize, label, and sample (if required) all decontamination fluids for appropriate 
disposal. 

 
6.0 HEALTH AND SAFETY CONSIDERATIONS 
 
Follow all requirements of the project Health and Safety Plan (HASP).  Ensure all field equipment 
has been decontaminated in accordance with the site-specific HASP and this SOP. 
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DIRECT-PUSH AND MONITORING WELL GROUNDWATER SAMPLING  
CALIBRE STANDARD OPERATING PROCEDURES 

 
1.0 PURPOSE 
 
This Standard Operating Procedure (SOP) provides instructions that are to be followed in collecting 
direct-push groundwater samples. 
 
2.0 GROUNDWATER SAMPLING 
 
The following sections describe sampling procedure to be used in the collection of direct-push 
groundwater samples from direct-push boreholes and monitoring wells. 
 
2.1 Direct Push Groundwater Sampling 
 
When the desired depth interval is reached, a push-rod is inserted into the center of the drill-string.  
Sections are added until the push-rod contacts the Direct-push point.  After threading the rod on to 
the end cone and releasing it from the drill-string, the drill-string is retracted while holding the 
push-rod in place exposing the screen.  The push-rod is withdrawn and fresh (unused) tygon tubing 
with a foot valve on the end is lowered to a point where it is centered in the screen.  A groundwater 
sample is extracted either with the use of a peristaltic pump or by applying a quick up and down 
motion to the tube until water comes out of the end of the tube. 
 
2.2 Monitoring Well Groundwater Sampling 
 
Groundwater may be sampled in monitoring wells by use of Waterra pumps, peristaltic pumps, 
submersible pumps, or bailers.  Regardless of the system employed, the point of collection (i.e. 
pump or foot valve) is placed at the mid-screen interval.  Groundwater is withdrawn from the well 
until three well casing volumes have been removed and groundwater parameters (pH, temperature, 
conductivity, etc.) have stabilized.  At that point, sample containers may be filled in accordance 
with project specific Field Sampling Plan procedures. 
 
2.3 Sample Handling 
 
When the sample water appears, use the following the sequence of steps described below: 
 

(1) Label all bottles with required tags and labels.  Fill out all information except the actual date 
and time.  Sort bottles, one set per sampling location with additional sets as needed for 
QA/QC samples. 

 
(2) Note depth and bore location of the sample in the field logbook or sample data sheet. 

 
(3) At the time of individual sample collection, record date and time on all sample containers 

and in the field logbook.  Cover all container labels with wide, transparent, waterproof tape 
to ensure label integrity. 

 
(4) Hold bottle so that water pours into it without the lip of the bottle touching the tube. 
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(5) If the samples are being analyzed for volatile organic compounds (VOCs), collect the VOC 
fraction first.  VOC vials should be filled to the top with a meniscus above the lip of the vial, 
leaving no airspace in the bottle when the lid is screwed on. 

 
(6) Fill the remaining bottles up to the shoulder of the bottle and seal with the cap. 

 
(7) Wipe off the outside of the bottle/vial and place it in a bubble baggie.  Place the bagged 

bottle in a cooler, with ice if the sample plan calls for ice. 
 

(8) Decontaminate the sampling equipment for the next sample if sampling equipment is not 
dedicated or disposable. 

 
2.4 Waste 

 
Insure that all purge water and decontamination water, which may be contaminated, are handled and 
disposed of properly. 
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GROUNDWATER SAMPLING 
CALIBRE STANDARD OPERATING PROCEDURES 

 
1.0 POLICY 
 
It is the policy of CALIBRE that any individual engaging in collection of groundwater samples at 
job sites will abide by the procedures outlined in this document.  These procedures are designed to 
meet or exceed guidelines set forth by the Environmental Protection Agency (EPA) for the 
collection of groundwater samples at Superfund or Resource Conservation and Recovery Act 
(RCRA) sites.  
 
2.0 PURPOSE 
 
This Standard Operating Procedure (SOP) provides instructions that are to be followed in collecting 
groundwater samples. 
 
2.0 GROUNDWATER SAMPLING 
 
The following sections describe sampling procedures to be used in the collection of groundwater 
samples from direct-push boreholes and monitoring wells. 
 
2.1 Direct-Push Groundwater Sampling 
 
When the desired depth interval is reached, a push-rod is inserted into the center of the drill-string.  
Sections are added until the push-rod contacts the direct-push point.  After threading the rod on to 
the end cone and releasing it from the drill-string, the drill-string is retracted while holding the 
push-rod in place exposing the screen.  The push-rod is withdrawn and fresh (unused) tygon tubing 
with a foot valve on the end is lowered to a point where it is centered in the screen.  A groundwater 
sample is extracted either with the use of a peristaltic pump or by applying a quick up and down 
motion to the tube until water comes out of the end of the tube. 
 
2.2 Monitoring Well Groundwater Sampling 
 
Groundwater may be sampled in monitoring wells by use of Waterra pumps, peristaltic pumps, 
submersible pumps, or bailers.  Regardless of the system employed, the point of collection (i.e. 
pump or foot valve) is placed at the mid-screen interval.  Groundwater is withdrawn from the well 
until three well casing volumes have been removed and groundwater parameters (pH, temperature, 
conductivity, etc.) have stabilized.  At that point, sample containers may be filled in accordance 
with project specific Field Sampling Plan procedures. 
 
2.3 Sample Handling 
 
When the sample water appears, use the sequence of steps described in the following list: 
 

1) Label all bottles with required tags and labels.  Fill out all information except the actual date 
and time.  Sort bottles, one set per sampling location with additional sets as needed for 
QA/QC samples. 

 
2) Note depth and bore location of the sample in the field logbook or sample data sheet. 
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3) At the time of individual sample collection, record date and time on all sample containers 

and in the field logbook.  Cover all container labels with wide, transparent, waterproof tape 
to ensure label integrity. 

 
4) Hold bottle so that water pours into it without the lip of the bottle touching the tube. 

 
5) If the samples are being analyzed for volatile organic compounds (VOCs), collect the VOC 

fraction first.  VOC vials should be filled to the top with a meniscus above the lip of the vial, 
leaving no airspace in the bottle when the lid is screwed on. 

 
6) Fill the remaining bottles up to the shoulder of the bottle and seal with the cap. 

 
7) Wipe off the outside of the bottle/vial and place it in a bubble baggie.  Place the bagged 

bottle in a cooler, with ice if the sample plan calls for ice. 
 

8) If sampling equipment is not dedicated or disposable, then decontaminate the sampling 
equipment for the next sample. 

 
2.4 Waste 

 
Insure that all purge water and decontamination water, which may be contaminated, are handled and 
disposed of properly. 
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LOW-FLOW GROUNDWATER SAMPLE COLLECTION 
CALIBRE STANDARD OPERATING PROCEDURES 

 
1.0 POLICY 
 
It is the policy of CALIBRE that any individual engaging in collection of low-flow groundwater 
samples at job sites will abide by the procedures outlined in this document.  These procedures are 
designed to meet or exceed guidelines set forth by the Environmental Protection Agency (EPA) for 
the collection of low-flow groundwater samples at Superfund or Resource Conservation and 
Recovery Act (RCRA) sites.  
 
2.0 PURPOSE 
 
The purpose of this standard operating procedure (SOP) is to provide a method that minimizes the 
impact the purging process has on the groundwater chemistry during sample collection and 
minimizes the volume of water that is being purged and disposed.  The flow rate at which the pump 
will be operating will depend on both hydraulic conductivity of the aquifer and the drawdown, with 
the goal of minimizing the drawdown within the monitoring well.  The flow rate from the pump 
during purging and sampling is targeted at a rate that will not compromise the integrity of the 
analyte that is being sampled.  The operating flow of groundwater to the pump will depend on the 
hydraulic conductivity of the aquifer within the screen interval.  In order to minimize the drawdown 
in the monitoring well, a low-flow rate must be utilized.  Low-flow refers to the velocity with which 
water enters the pump intake from the surrounding formation in the immediate vicinity of the well 
screen.  This SOP was developed to be consistent with guidelines from the Superfund/ RCRA 
Groundwater Forum and draws directly from a USEPA Groundwater Issue Paper, Ground-Water 
Sampling Guidelines for Superfund and RCRA Project Managers (Yeskis and Zavala, 2002). 
 
3.0 SCOPE AND APPLICATION 
 
This SOP should be used primarily at monitoring wells which have a screen or an open interval with 
a length of ten feet (typically) or less and can accept a sampling device that minimizes the 
disturbance to the aquifer or the water column in the well casing.  The groundwater samples that are 
collected using this procedure are acceptable for the analyses of groundwater contaminants that may 
be found at typical groundwater contamination sites (CERCLA, RCRA and other sites).  The 
analytes may be volatile organic compounds, semi-volatile organic compounds, pesticides, PCBs, 
metals and other inorganic compounds.  The screened interval should be located within the 
contaminant plume(s) and the pump intake should be placed at or near the known source of the 
contamination within the screened interval.  It is critical to place the pump intake in the same exact 
location or depth for each sampling event (indicating an obvious preference for permanently 
installed sampling devices where possible).  If dedicated sampling pump is not possible, then the 
placement of the pump intake should be positioned with a pre-measured sampling pump hose.  The 
pump intake should not be placed near the bottom of the screened interval to avoid disturbing any 
sediment that typically accumulates on the bottom of the well. 
 
Water-quality indicator parameters (and water levels if feasible) must be measured during purging, 
prior to sample collection.  Stabilization of the water quality parameters as well as monitoring water 
levels are prerequisites to sample collection.  The water-quality indicator parameters that are 
recommended include: specific conductance, dissolved oxygen, oxidation-reduction potential, pH, 
and temperature.  Turbidity may be useful but is not a required parameter.  Also, when samples are 
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collected for metals, semi-volatile organic compounds, and pesticides, every effort must be made to 
reduce turbidity to 10 NTUs or less (not just the stabilization of turbidity) prior to the collection of 
the water sample.  In addition to the measurement of the above parameters, depth to water should be 
measured (if feasible) during purging.  However, recognizing that many groundwater monitoring 
wells are two-inch diameter, the pump assembly may not allow access for a depth to water probe.  
 
Proper well construction, development, and maintenance are essential for any groundwater 
sampling procedure.  Prior to conducting the field work, information on the construction of the well 
and well development should be obtained and that information factored into the site-specific 
sampling procedure.  The attached Pre-Sampling Checklist is an example of the general type of 
information that is useful. 
 
Stabilization of the water-quality indicator parameters is the criterion for sample collection.  But if 
stabilization is not occurring and the procedure has been followed, then sample collection can take 
place once three (minimum) to six (maximum) casing volumes of groundwater have been removed 
from the well.  The specific information on what took place during purging must be recorded in the 
field notebook or in the Well Sampling Data Sheet.  This SOP is not to be used where non-aqueous 
phase liquids (immiscible fluids) are present in the monitoring well. 
 
4.0 EQUIPMENT 
 

1) Depth-to-water measuring device - An electronic water-level indicator (E-tape) or steel tape 
and chalk, with marked intervals of 0.01 foot.  Interface probe for determination of non-
aqueous phase liquids (NAPL) (if needed). 

2) Steel tape and weight - Used for measuring total depth of well.  Lead weight should not be 
used.  If the wells are less than 75 feet deep, the E-tape may suffice for this total depth 
measurement, deeper wells may need steel tape and weight. 

3) Sampling pump - Submersible or bladder pumps with adjustable rate controls are preferred. 
Pumps are to be constructed of inert materials, such as stainless steel and Teflon.  Pump 
types that are acceptable include gear and helical driven, centrifugal (low-flow type) and air-
activated piston.   

4) Adjustable rate, peristaltic pump can be used when the depth to water is 20 feet or less. 
5) Tubing - Teflon or Teflon lined polyethylene tubing is preferred when sampling for organic 

compounds.  Polyethylene tubing can be used when sampling inorganics. 
6) Power Source - If a combustion type (gasoline or diesel driven) generator is used, it must be 

placed downwind of the sampling area. 
7) Flow measurement supplies - flow meter, graduated cylinder and a stop watch. 
8) Multi-parameter meter with flow-through-cell.  This can be one instrument or more 

contained in a flow-through cell.  The water-quality indicator parameters which must be 
monitored are pH, oxidation-reduction potential (ORP), dissolved oxygen (DO), specific 
conductance, and temperature.  The inlet of the flow cell must be located near the bottom of 
the flow cell and the outlet near the top.  The size of the flow cell should be kept to a 
minimum and a closed cell is preferred.  The flow cell must not contain any air or gas 
bubbles when monitoring for the water-quality indicator parameters. 

9) Calibration fluids for all instruments.  There needs to be sufficient volume of calibration 
solution for daily calibration throughout the sampling event.   

10) Decontamination Supplies - Including a reliable and documented source of deionized (DI) or 
distilled water and any solvents (if used).  Pressure sprayers, buckets, or decontamination 
tubs for pumps, brushes, and non-phosphate soap will also be needed. 
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11) Sample bottles, sample preservation supplies, sample tags or labels, and chain of custody 
forms. 

12) Field Sampling and Quality Assurance Project Plan. 
13) Well construction data, field and water quality data and water levels from the previous 

sampling event. 
14) Well keys, tools to open well head monuments, and map of well locations. 
15) Field notebook, Well Sampling Data Sheets/forms (attached), and calculator. 
16) Filtration equipment (if needed for dissolved metals analyses).  An in-line disposable filter is 

recommended. 
17) Polyethylene sheeting which will be placed on ground around the well head. 
18) Personal protective equipment specified in the site Health and Safety Plan, including any air 

monitoring equipment specified in the site Health and Safety Plan. 
19) Tool box - All tools required for access to wells and for all site equipment used. 
20) A 55-gallon drum or other appropriate container to contain the purged water. 

 
Construction materials of the sampling equipment (bladders, pumps, tubing, and other equipment 
that comes in contact with the sample) should be limited to inert materials (such as stainless steel, 
Teflon, or other inert materials).  This will reduce the chance of the sampling materials altering the 
groundwater where concentrations of the site contaminants are expected to be near the detection 
limits.  The sample tubing diameter thickness should be maximized and the tubing length should be 
minimized so that the loss of contaminants into and through the tubing walls may be reduced and 
the rate of stabilization of groundwater parameters is maximized.  The tendency of low level 
organics to sorb into and out of material makes the appropriate selection of sample tubing material 
critical for trace analyses.    
 
5.0 CALIBRATION OF WATER QUALITY INSTRUMENTS 
 
All water quality instruments to be used need to be calibrated (daily) following procedures in the 
instrument specific user manual. 
 
6.0 DEPTH TO WATER AND PRE-SAMPLING ACTIVITIES (Non-dedicated and 

dedicated system) 
 

1) Sampling events must begin at the monitoring well with the least contamination, generally 
up-gradient or farthest from the site or suspected source.  Then proceed systematically to the 
monitoring wells with the most contaminated groundwater.  Depth to water measurements 
should be collected in the same order. 

2) Check and record the condition of the monitoring well for damage or evidence of tampering.  
Lay out polyethylene sheeting around the well to minimize the likelihood of contamination 
of sampling/purging equipment from the soil.  Place monitoring, purging, and sampling 
equipment on the sheeting. 

3) Unlock well head.  Record location, time, date, and appropriate information in a field 
logbook or on the Well Sampling Data Sheet (See attached Well Sampling Data Sheet). 

4) Remove well casing cap and observe any apparent pressure changes within the casing, if the 
cap is under vacuum or pressure allow the well time to equilibrate before measuring water 
levels . 

5) As appropriate, monitor the headspace of the monitoring well at the rim of the casing for 
volatile organic compounds (VOC) with a photoionization detector (PID) or flame 
ionization detector (FID), and record in the logbook.  If the existing monitoring well has a 
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history of positive readings of the headspace, then the sampling must be conducted in 
accordance with the Health and Safety Plan.  

6) Measure the depth to water (water level must be measured to nearest 0.01 feet) relative to a 
reference measuring point on the well casing with an E-tape or steel tape and record in 
logbook or Well Sampling Data Sheet.  If no reference point is found, measure relative to 
the top of the inner casing, then mark that reference point and note that location in the field 
logbook.  Record information on depth to groundwater in the field logbook or Well 
Sampling Data Sheet. 

7) Measure the depth to water a second time to confirm initial measurement; measurement 
should agree within 0.01 feet or re-measure. 

8) Check the available well information or field information for the total depth of the 
monitoring well.  Use the information from the depth of water in step 6 and the total depth 
of the monitoring well to calculate the volume of the water in the monitoring well or the 
volume of one casing.  Record information in field logbook or Well Sampling Data Sheet. 

 
7.0 PURGING AND SAMPLING PROCEDURES 
 
The following describes the purging and sampling procedures for the Low Flow method for the 
collection of groundwater samples.  These procedures also describe steps for dedicated and non-
dedicated systems.  
 
7.1 Purging and Sampling Activities 
 
Non-dedicated system - Place the pump and support equipment at the wellhead and slowly lower 
the pump and tubing down into the monitoring well until the location of the pump intake is set at a 
pre-determined location within the screen interval.  The placement of the pump intake should be 
positioned with a calibrated sampling pump hose, sounded with a weighted-tape, or using a pre-
measured discharge tubing.  Refer to the available monitoring well information to determine the 
depth and length of the screen interval.  Measure the depth of the pump intake while lowering the 
pump into location.  Record pump location in field logbook or Well Sampling Data Sheet. 
 
Dedicated system - Pump has already been installed, refer to the available monitoring well 
information and record the depth of the pump intake in the field logbook or Well Sampling Data 
Sheet. 
 
Non-dedicated system and dedicated system  
Measure the water level (water level must be measured to nearest 0.01 feet) and record information 
on the Well Sampling Data Sheet, leave water level indicator probe in the monitoring well (if 
sufficient space in casing). 
 
Connect the discharge line from the pump to a flow-through cell.  The discharge line from the flow-
through cell must be directed to a container to contain the purge water during the purging and 
sampling of the monitoring well. 
 
Start pumping the well at a low flow rate (0.2 to 0.5 liters per minute) and slowly increase the 
pumping rate.  Check the water level if feasible: Note if the groundwater monitoring well is two-
inch diameter, the pump assembly (pump, support cable, discharge hose, electrical supply, and 
pump booster stages in some cases) may fill the entire well casing access and a depth-to-water 
probe may not fit within the well casing.  Field personnel need to exercise extreme care and good 
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judgment when adding a probe to the tight space within a well.  Equipment jammed or locked deep 
in a well casing may be lost/destroyed and future sampling access eliminated. 
 
Maintain a steady flow rate while maintaining a drawdown of less than 0.33 feet (USEPA 2002).  If 
drawdown is greater than 0.33 feet, lower the flow rate.  The maximum drawdown of 0.33 feet is a 
goal to help guide with the flow rate adjustment.  It should be noted that this goal may not be 
feasible under a number hydrogeologic conditions (relatively thin aquifers and/or low permeability 
soils).  If this goal is not feasible, the sampling approach will require adjustment based on site-
specific conditions and personal experience.    
 
Measure the discharge rate of the pump with a graduated cylinder and a stop watch.  Also, measure 
the water level, if feasible, and record both flow rate and water level on the Well Sampling Data 
Sheet.  Continue purging, monitor and record water level and pump rate every three to five minutes 
during purging.  Pumping rates should be kept at minimal flow to ensure minimal drawdown in the 
monitoring well. 
 
During the purging, a minimum of one tubing volume (including the volume of water in the pump 
and flow cell) must be purged prior to recording the water-quality indicator parameters.  Then 
monitor and record the water-quality indicator parameters every three to five minutes. 
 
The water-quality indicator field parameters are pH, specific electrical conductance, ORP, dissolved 
oxygen, temperature, and turbidity.  The ORP may not always be an appropriate stabilization 
parameter, and will depend on site-specific conditions.  However, readings should be recorded 
because of its value as a double check for oxidizing conditions.  The stabilization criterion is based 
on three successive readings of the water quality field parameters; the following are the criteria to 
be used : 
 
Table 1.  Parameter Stabilization Criteria Reference 

pH Conductance ORP DO Temperature Turbidity 
+/- 0.1 pH 

unit 
+/- 5%  
mS/cm 

+/- 10 
millivolts 

+/- 0.3 
mg/L 

+/- 5%  
degrees 

Centigrade 

+/- 10% NTUs 
(when greater 
than 10 NTUs) 

 
Once the criteria have been successfully met indicating that the water quality indicator parameters 
have stabilized, then sample collection can take place.  If a stabilized drawdown in the well can’t be 
maintained at 0.33 feet and the water level is approaching the top of the screened interval, reduce 
the flow rate or turn the pump off (for 15 minutes) and allow for recovery to 90% of the height of 
the original water column.  It should be noted whether or not the pump has a check valve.  A check 
valve is required if the pump is shut off.  Under no circumstances should the well be pumped dry.  
Begin pumping at a lower flow rate, if the water draws-down to the top of the screened interval 
again turn pump off and allow for recovery.  If two tubing volumes (including the volume of water 
in the pump and flow cell) have been removed during purging then sampling can proceed the next 
time the pump is turned on.  This information should be noted in the field notebook or Well 
Sampling Data Sheet with a recommendation for a different purging and sampling procedure. 
 
Maintain the same pumping rate or reduce slightly for sampling (0.2 to 0.5 liter per minute) in order 
to minimize disturbance of the water column.  Samples should be collected directly from the 
discharge port of the pump tubing prior to passing through the flow-through cell.  Disconnect the 
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pump’s tubing from the flow-through-cell so that the samples are collected directly from the pump’s 
discharge tubing.  
 
For samples collected for dissolved gases or Volatile Organic Compound (VOC) analyses, the 
pump’s tubing needs to be completely full of groundwater to prevent the groundwater from being 
aerated as the groundwater flows through the tubing.  The sequence of the samples is immaterial 
unless filtered (dissolved) samples are collected and they must be collected last.  All sample 
containers should be filled with minimal turbulence by allowing the groundwater to flow from the 
tubing gently down the inside of the container.  When filling the VOC samples a meniscus must be 
formed over the mouth of the vial to eliminate the formation of air bubbles and head space prior to 
capping.  In the event that the groundwater is turbid (greater then 10 NTUs), samples for metals 
should include a filtered metal (dissolved) sample. 
 
If filtered metal sample is to be collected, then an in-line filter is fitted at the end of the discharge 
tubing and the sample is collected after the filter.  The in-line filter must be pre-rinsed with 
groundwater following manufacturer’s recommendations and if there are no recommendations for 
rinsing, a minimum of 0.5 to 1 liter of groundwater from the monitoring well must pass through the 
filter prior to sampling. 
 
Non-dedicated system  
Remove the pump from the monitoring well.  Decontaminate the pump and tubing and dispose of 
non-dedicated tubing. 
 
Dedicated system  
Disconnect the tubing that extends from the discharge cap at the wellhead (or cap) and 
decontaminate and dispose of any non-dedicated discharge tubing. 
 
Non-dedicated and dedicated system - Close and lock the well. 
 
8.0 DECONTAMINATION PROCEDURES 
 
Follow decontamination procedures from appropriate SOP.  Sensors in the field water quality 
instruments are sensitive and rinsing with distilled water between sampling locations is the only 
decontamination recommended. 
 
9.0 FIELD QUALITY CONTROL 
 
Quality control (QC) samples must be collected to verify that sample collection and handling 
procedures were performed adequately and that sampling procedures have not compromised the 
quality of the groundwater samples.  Follow all requirements of the site-specific Quality Assurance 
Project Plan (QAPP), typically to include some version of the following: 
 
 

 Field duplicates (1 per 20 samples) 
 Matrix spike/spike duplicate (extra volume at 1 per 20 samples or sample delivery group) 
 Equipment blank (depends on sampling equipment use) 
 Trip blank (for VOCs,  1 per sample cooler) 
 Temperature blank (1 per sample cooler) 
 Field Blank (as required in QAPP or 1 per sampling event) 
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10.0 HEALTH AND SAFETY CONSIDERATIONS 
 
Follow all requirements of the project Health and Safety Plan.  Ensure all field equipment has been 
decontaminated and stored appropriately. 
 
 
11.0 POST-SAMPLING ACTIVITIES 
 
Several activities need to be completed and documented once ground-water sampling has been 
completed. These activities include, but are not limited to: 

1) If any equipment problems are noted, notify the CALIBRE Equipment Pool Manager before 
the item is returned to storage.  Determine where the equipment item should be shipped. 

2) Ensure that all field equipment has been decontaminated and returned to proper storage 
location. Once the individual field equipment item has been decontaminated, tag it with date 
of cleaning, site name, and name of individual responsible.   

3) All field data should be complied for site records. 
4) All sample paperwork should be processed, including copies provided to the project 

manager, project files and any other project required sample handling and tracking facility. 
5) All analytical data when processed by the analytical laboratory, should be verified against 

field sheets to ensure all planned data collection has been received from the laboratory. 
 
12.0 REFERENCES 
 
USEPA 2002.  D. Yeskis and B. Zavala, Ground-Water Sampling Guidelines for Superfund and 
RCRA Project Managers.  Office of Solid Waste and Emergency Response, U.S. Environmental 
Protection Agency.  EPA 542.S-02-001.  May 2002. 
 
Puls, R.W. and M.J. Barcelona, 1996, Low-Flow (Minimal
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PRE-SAMPLING CHECKLIST 

Well Identification: 
Map of Site Included: Y or N 
Wells Clearly Identified w/ Roads: Y or N 
Well Construction Diagram Attached: Y or N 
 
Well Construction: 
Details of well monument/cap security; specific keys/tools to open:      
Any traffic or pedestrian control requirements (if needed): 
Diameter of Borehole:                      Diameter of Casing: 
Casing Material:                               Screen Material: 
Screen Length:                                Total Depth: 
Approximate Depth to Water:                      and prior date: 
Maximum Well Development Pumping Rate: 
Date of Last Well Development: 
 
Previous Sampling Information: 
Was the Well Sampled Previously: Y or N 
(If Sampled, Fill Out Table Below) 
 
Table of Previous Sampling Information 
Parameters Previously Sampled: 
 
 
Number of Times Sampled: 
 
Maximum Concentrations: 
 
 
Notes (include previous purge rates): 
 
 
 



Well Sampling Data Sheet 
Date       Site Location       
Samplers       Well ID       
Casing Material     Constructed Depth       
Casing Diameter     Condition of Well       
Field Measurements:        
Time     Depth Measured From:  
Depth to Water       Top of access port  
      Mark on PVC casing  
      Mark of protective casing  
      Other  
Purging Information:        
Pump:   Dedicated   Non-dedicated    
Bailer:   PVC   Stainless Steel   Other: 
Purge Start Time   Purge End Time      
Approximate Gallons Purged      
Water Monitoring Conditions:       
Time               
pH               
Conductivity               
Turbidity               
D.O.               
Temperature               
ORP               
Purge Rate               
Gallons Purged               
Sampling Data:        
Time   Sample ID     
pH   Duplicates     
Conductivity   QA/QC Volumes     
Turbidity         
D.O.         
Temperature         
ORP         
Sampling Device:        
PVC Bailer   SS Bailer   Dedicated Pump   Teflon Bailer   
Analyses to be Performed:       
Volatile 
Organics     SVOCs 8270C   Other   
Total Metals   SVOCs 8270C/SIM   Other   
Dissolved 
Metals     Ions, NO3, NH4, K   Other   
Sampling Notes:        

          
Well 

Diameter  Well Volume (Gal/ft) 
      1 inch 0.041   
      2 inch 0.163   
      4 inch 0.653   
      6 inch 1.469   
      
          

Or:(total depth(ft) - DTW(ft)) x Well Dia2 x 
0.0408    =    1 Well Volume 
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PASSIVE DIFFUSION BAG SAMPLERS 
CALIBRE STANDARD OPERATING PROCEDURES  

 
1.0 POLICY 
 
It is the policy of CALIBRE that any individual engaging in groundwater sampling using passive 
diffusion bag samples will abide by the procedures outlined in this document.  These procedures are 
designed to meet or exceed applicable regulatory procedures for sampling volatile organic 
compounds (VOCs) in groundwater using passive diffusion bag (PDB) samplers.  
 
2.0 PURPOSE 
 
The purpose of this standard operating procedure (SOP) is to provide the methods and procedures 
for sampling groundwater for VOCs using PDB samplers.  
 
3.0 SCOPE AND APPLICATION 
 
Diffusion sampling is a relatively new technology designed to utilize passive diffusion sampling 
techniques without the need for well purging.  Specifically, a diffusive membrane capsule is filled 
with deionized/distilled water, sealed, suspended in a well installation device, and lowered to a 
specified depth in a monitoring well.  Over time (normally a minimum of 14 days), the volatile 
organic compounds (VOCs) in the groundwater diffuse across the membrane and reach equilibrium 
with the water inside the sampler.  The sampler is subsequently removed from the well, and the 
water within the diffusion sampler is transferred to a sample container and submitted for laboratory 
analysis.  Some benefits of using PDB samplers include reduced sampling costs and reduced 
generation of investigation-derived waste (IDW).  The PDBs’ ability to reflect dissolved VOC 
concentrations in the adjacent aquifer allows determination of stratification and vertical 
concentration gradients of VOC contaminants. 
 
The PDB samplers were developed in the late 1990’s and they have become a widely accepted 
technique for determining concentrations of VOCs in groundwater monitoring wells.  PDB samplers 
are commercially available and several brand names are available.  The procedures for installing 
and retrieving PDB samplers may vary somewhat depending on the type of sampler that is being 
used.  This SOP provides general methods and procedures for passive or polyethylene diffusion bag 
samplers; however, the specific procedures for each type of PDB you are using should be reviewed 
to ensure the procedures followed are in accordance with the manufacturer’s procedure specific to 
the sampler being used. 
 
PDB samplers are made of low density polyethylene (typically 4mils thick) film which serves as 
a semi-permeable membrane.  The membrane is formed into the shape of a tube to create a sample 
chamber which is filled with de-ionized water and sealed.  Various configurations are commercially 
available either pre-filled and sealed at both ends at the factory, or with a fill port and plug for 
filling at the factory, in the field, or at the user’s lab.  PDB samplers are typically 18 to 24 inches 
long and 1.25 to 1.75 inches in diameter to fit into a 2-inch diameter and larger monitoring wells. 
These dimensions provide 200 to 350 ml of sample for multiple VOA samples and duplicates.  
Other diameters and lengths are available to fit smaller diameter wells or to provide specific sample 
volumes.  PDBs are available with an exterior polyethylene mesh that protects against abrasion.  
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Advantages of PDB samplers include: 
• do not generate purge water 
• only sample for VOC compounds 
• effective in low yield wells 
• allow for rapid installation and sample collection 
• easy to use 
• inexpensive to purchase and use 
• samples discrete interval or can integrate sample over longer vertical interval 
• multiple, stacked samplers provide a vertical contaminant profile 
• collect samples from discrete intervals in surface water bodies and tanks 

 
4.0 EQUIPMENT 
 

1. PDB Sampling Forms. 
2. Depth to water probe. 
3. Rope or string to hold samplers.   
4. Plastic sheeting. 
5. Stainless steel weights. 
6. Nylon zip-ties. 
7. Scissors or device for opening samplers. 
8. Decontamination supplies. 
9. Drums (55-gallon) or other containers for containerizing excess groundwater or 

decontamination fluids. 
 
5.0 SAMPLING PROCEDURES 
 
New and clean nitrile gloves should be worn by any sampling personnel who will be in direct 
contact with any material that will, or that has the potential to, contact the groundwater. 
 
5.1 Installing Passive Diffusion Bag Samplers 
 
1. Measure the water elevation in the monitoring well in accordance with applicable site-specific 
SOPs.  This will be used to determine how much of the well screen is in the saturated zone (i.e., 
saturated well-screen length).  Note this depth on the Sampling Form. 
 
2. Measure the total well depth and compare the measured depth with the depth to the reported 
bottom of the well screen on the PDB Sampling Form.  This will provide information on whether 
sediment has accumulated in the bottom of the well or whether there is a blank section of pipe 
(sump) below the well screen. 
 
3.  Determine if the well screen is completely saturated.  If not, determine the length of well screen 
that is saturated. 
 
4. One sampler will be installed in each well unless specified differently by the Work Plan.  
 
5. The PDB sampler should be placed in the center of the saturated screen interval (or as specified 
in the project Work Plan) and should be completely submerged throughout the equilibration period.  
If anticipated water elevation changes (based on historical data) may expose the top of the sampler 
to air, the diffusion sampler should be placed deeper. 
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6. If assembly work is conducted on the ground, prepare the ground surface near the well for 
assembly of the diffusion sampler string, place clean plastic sheeting near the well and sample 
string construction area.  If assembly is completed in vehicle, verify work area is clean. 
 
7. Attach the stainless steel weight to the sampling assembly/line (a weight and weight hanger slides 
over the bag and the top of the bag is snapped on the suspension line, which is 60# braided fishing 
line, or other assembly procedure depending on the PDB bag and model).   
 
8.  Lower the PDB and assembly into the well to the target interval (typically to the bottom of the 
well then raised back up 5 ft, or other procedure/interval defined in the work plan). 
 
9. Use a total of two zip-ties per PDB sampler.  Finally, place a knot or a zip-tie at the location on 
the rope that corresponds to the top of the well casing. 
 
10. Record in the field logbook and the PDB Sampling Form the depth at which each sampler is to 
be installed.   
 
11. Attach the top and bottom of the diffusion sampler to the rope using the zipties that were 
inserted into the rope in Step 9 above.  If no obvious hook exists on the sampler to which to attach 
the sampler to the rope using the zip-tie, attach the sampler to the rope by weaving the zip-tie 
through the mesh tubing of the diffusion sampler.  The zip-ties should be threaded through the mesh 
tubing in a way that prevents the polyethylene diffusion bag from sliding out of the mesh and in a 
way that prevents slack from developing in the rope between the bottom and top of the sampler. 
 
12. Samples that will be collected in duplicate for quality control (QC) purposes may require 
additional sample volume to fill the required sample containers.  In these instances, utilize either 
oversized, longer samplers (for 2-inch diameter wells) or attach two regular samplers to the same 
depth interval on the rope (for wells with a casing diameter larger than 2-inches).  Check the 
volume of the sampler and laboratory volume requirements to determine if an additional sampler is 
required. 
 
13. Using decontaminated scissors (see Decontamination SOP), trim the excess from the zip-ties 
before placing the sampling string down the well.  
 
14. Gently lower the diffusion sampling string into the well (weight first) until the weight rests on 
the bottom and the upper knot or zip-tie (indicating the top of the well casing) is even with the top 
of the well casing.  The diffusion sampler should now be positioned at the correct depths. 
 
15. Secure the rope or string at the wellhead in this position.  A suggested method is to attach the 
rope to a hook (if one exists) on the inside of the well cap or the cap can be fitted over the rope to 
hold the rope at the desired depth.  
 
16. If the well cap cannot be installed over the rope, install a temporary cover over the well casing 
to prevent debris from entering the well. 
 
17. Close and lock the well protective covering. 
 
18. Leave the sampling string in place for at least 14 days (or as specified in the Work Plans). 
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5.2 Diffusion Sampler Recovery and Sample Collection 
 
This section describes the procedures for retrieving PDB samplers from groundwater 
monitoring wells.  Following the equilibration period, the diffusion sampling string will be 
retrieved and samples will be collected for field screening and laboratory analysis using 
the following procedures. 
 
1. Measure the water level in the monitoring well in accordance with applicable site-specific SOPs.  
Note this depth on the sample collection form and verify that the top of the PDB sampler is 
completely submerged below the water level.   
 
2. Gently but quickly reel up (or pull) the sampler on the string.  
 
3. Cut the cable ties and remove the diffusion sampler from the rope.  Examine the surface of the 
diffusion sampler for evidence of algae or a film that could affect the performance of the diffusion 
membrane.  Note any observations in the sampling field book and on the PDB Sampling Form. 
 
5. Cut open the diffusion sampler using a properly decontaminated pair of scissors and gently pour 
the water into three (3) 40-mL VOA vials (or as specified in the Work Plans).  As an alternative to 
using scissors, a fill kit may be provided by the PDB supplier for transferring water from the PDB 
to the sample container.  Regardless of the method of transference, the water should be carefully 
poured down the inner walls of the sample bottle to minimize aeration of the sample.  WATER 
NEEDS TO BE TRANSFERRED FROM THE DIFFUSION SAMPLERS TO THE VOA VIALS 
AS QUICKLY AS POSSIBLE TO MINIMIZE CONTAMINANT VOLATILIZATION. 
 
6. Once filled to the brim, sample bottles will be sealed in a manner such that there is no headspace 
(i.e., no air bubbles). 
 
7. Sample bottle preservation, labeling, and shipment will be performed according to the procedures 
detailed in the Sample Packaging and Shipment SOP. 
 
8. Excess water from the diffusion samplers will be collected in sealable plastic buckets or steel 
drums for containment until it is disposed of.  All investigation derived waste (IDW), including 
excess sample water, spent diffusion samplers, disposable sampling equipment, and personal 
protective equipment will be managed according to the criteria specified in the IDW plan specified 
in the site Work Plan. 
 
6.0 HEALTH AND SAFETY CONSIDERATIONS 
 
Follow all requirements of the project Health and Safety Plan (HASP).  Ensure all field equipment 
has been decontaminated in accordance with the site-specific HASP and the decontamination SOP. 
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PHOTOIONIZATION DETECTOR (PID) CALIBRATION AND USE 
CALIBRE STANDARD OPERATING PROCEDURES  

 
1.0 POLICY 
 
It is the policy of CALIBRE that any individual engaging in the use of a photoionization detector 
(PID) on jobsites will abide by the procedures outlined in this document.  These procedures are 
designed to meet or exceed applicable OSHA standards for safe work practices.  
 
2.0 PURPOSE 
 
The purpose of this standard operating procedure (SOP) is to describe the procedures for using a 
photoionization detector (PID). 
 
3.0 SCOPE AND APPLICATION 
 
The PID is a portable, nonspecific, vapor/gas detector employing the principle of photoionization to 
detect a variety of chemical compounds, both organic and inorganic, in air.  This procedure is 
applicable to the PIDs used for air monitoring.  These are standard (i.e., typically applicable) 
operating procedures which may be varied or changed as required, dependent on site conditions, 
equipment limitations or limitations imposed by the procedure.  In all instances, the ultimate 
procedures employed should be documented and reported. 
 
4.0 METHOD SUMMARY 
 
The PID is a useful general survey instrument at hazardous waste sites.  A PID is capable of 
detecting and measuring real-time concentrations of many organic and inorganic vapors in air.  A 
PID is similar to a flame ionization detector (FID) in application; however, the PID has somewhat 
broader capabilities in that it can detect certain inorganic vapors.  Conversely, the PID is unable to 
respond to certain low molecular weight hydrocarbons, such as methane and ethane that are readily 
detected by FID instruments.   
 
The PID employs the principle of photoionization.  The analyzer will respond to most vapors that 
have an ionization potential less than or equal to that supplied by the ionization source, which is an 
ultraviolet (UV) lamp.  Photoionization occurs when an atom or molecule absorbs a photon of 
sufficient energy to release an electron and form a positive ion.  This will occur when the ionization 
potential of the molecule in electron volts (eV) is less than the energy of the photon.  The sensor is 
housed in a probe and consists of a sealed ultraviolet light source that emits photons with an energy 
level high enough to ionize many trace organics, but not enough to ionize the major components of 
air (e.g., nitrogen, oxygen, carbon dioxide).  The ionization chamber exposed to the light source 
contains a pair of electrodes, one a bias electrode, and the second the collector electrode.  When a 
positive potential is applied to the bias electrode, an electro-magnetic field is created in the 
chamber.  Ions formed by the adsorption of photons are driven to the collector electrode.  The 
current produced is then measured and the corresponding concentration displayed on a meter, 
directly, in units above background.  Several probes are available for the PID, each having a 
different eV lamp and a different ionization potential.  The selection of the appropriate probe is 
essential in obtaining useful field results.  Though it can be calibrated to a particular compound, the 
instrument cannot distinguish between detectable compounds in a mixture of gases and, therefore, 
indicates an integrated response to the mixture. 
 



2 
PID SOPs, 3 April 2007 

Three probes, each containing a different UV light source, are available for many PIDs.  Energies 
are 9.5, 10.2, and 11.7 eV.  All three detect many aromatic and large molecular hydrocarbons.  The 
10.2 eV and 11.7 eV probes, in addition, detect some smaller organic molecules and some 
halogenated hydrocarbons.  The 10.2 eV probe is the most useful for environmental response work, 
as it is more durable than the 11.7 eV probe and detects more compounds than the 9.5 eV probe. 
 
Gases with ionization potentials near to or less than that of the lamp will be ionized.  These gases 
will thus be detected and measured by the analyzer.  Gases with ionization potentials higher than 
that of the lamp will not be detected.  Ionization potentials for various atoms, molecules, and 
compounds are given in standard references (see attached in Appendix A).   
 
 
5.0 INTERFERENCES AND POTENTIAL PROBLEMS 
 
5.1 PID Instrument Limitations 
 
1) The PID is a nonspecific total vapor detector.  It cannot be used to identify unknown 

substances; it can only roughly quantify them. 
2) The PID must be calibrated to a specific compound (or including a conversion factor for 

equivalent response such as isobutylene) 
3) The PID does not respond to certain low molecular weight hydrocarbons, such as methane 

and ethane.  In addition, the PID does not detect a compound if the probe has a lower 
energy than the compound's ionization potential. 

4) Certain toxic gases and vapors, such as carbon tetrachloride and hydrogen cyanide, have 
high ionization potentials and cannot be detected with a PID.   

5) Certain models of PID instruments are not designed for use in potentially flammable or 
combustible atmospheres. 

6) The lamp window must be periodically cleaned to ensure ionization of the new compounds 
by the probe (i.e., new air contaminants). 

7) The PID measures concentrations are not linear over this entire range.  For example, if 
calibrated to benzene, the response is linear from about 0-600 units above background.  
This means the PID reads a true concentration of benzene only between 0 and 600.   

8) This instrument is not to be exposed to precipitation (rain).  The units are not designed for 
this service.  Significant humidity may impair the accuracy of the PID. 

9) Do not use this instrument for head space analysis where liquids can inadvertently be drawn 
into the probe. 

 
 
5.2 Regulatory Limitations 
 
Transport of calibration gas cylinders by passenger and cargo aircraft must comply with 
International Air Transport Association (IATA) Dangerous Goods Regulations or the U.S.  Code of 
Federal Regulations, 49 CFR Parts 100-177.  A typical calibration gas included with a PID is 
isobutylene.  It is classified as a non-flammable gas, UN #1556 and the proper shipping name is 
Compressed Gas.  It must be shipped by cargo aircraft only. 
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6.0 EQUIPMENT/APPARATUS 
 
The following equipment is required for PID operation: 
1) PID  
2) Operating manual 
3) Probes: 9.5 eV, 10.2 eV, or 11.7 eV 
4) Battery charger for PID 
5) Spare batteries 
6) Jeweler's screwdriver for adjustments 
7) Tygon tubing 
8) NBS traceable calibration gas (isobutylene) or other gas when calibrating to specific 

compound 
9) "T" valve for calibration 
10) Field Data Sheets/Site Logbook 
11) Intake assembly extension 
12) Strap for carrying PID 
13) Teflon tubing for downhole measurements 
14) Plastic bags for protecting the PID from moisture and dirt 
15) Mild soap solution for cleaning unit surfaces, Methanol for cleaning ionization chamber 

(GC grade), and Light source cleaning compound (if applicable) 
 
Note: Battery charge status - This instrument may be kept on continuous charge without battery 
damage. 
 
The PID is calibrated in accordance with the operations manual using isobutylene as the calibration 
standard.  The operations manual may also be referred to for alternate calibration to a specific 
compound. 
 
7.0 PROCEDURES 
 
7.1 Preparation 
 
Check out and ensure the proper operation of the PID, as appropriate, using the equipment checklist 
provided in Sections 6.0 and the steps listed below. 
 
7.2 Start-Up Procedures 
 
1) Allow the temperature of the unit to equilibrate to its surrounding.  This should take about 

five minutes.   
2) Attach the probe to the unit. 
3) Turn the instrument to ON. 
4) Zero the instrument per the operations manual 
5) Check the SPAN with calibration gas 
6) Set the PID to the desired range (i.e., 0-20, 0-200, 0-2000, if applicable based on unit). 
7) Listen for the vacuum pump operation to verify function. 
8) Check instrument with a point calibration gas, and other source, such as a magic marker, 

prior to survey to verify instrument function. 
9) Routinely during the day, verify the unit calibration and recalibrate the instrument if 

necessary 
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7.3 Field Calibration and Operation 
 
7.3.1 Field Calibration 
 
Follow the start-up procedure in Section 7.2.  Set the FUNCTION switch to the range setting which 
includes the concentration of the calibration gas.  Calibrate as follows: 
 
1.  Attach a regulator to a disposable cylinder of calibration gas.  Connect the regulator to the probe 
of the PID with a piece of clean tygon tubing.  Open the valve on the regulator. 
2.  After 15 seconds, the meter reading should equal the response value as indicated on the 
calibration gas cylinder used.  If the reading is within ±15% of the response value, then the 
instrument can be field calibrated to the response value using the external SPAN ADJUSTMENT 
control.  The SPAN ADJUSTMENT control should be adjusted to a lower setting until the correct 
reading has been obtained.  The lower the number on the SPAN ADJUSTMENT control, the greater 
the instrument sensitivity.  If the SPAN ADJUSTMENT control has to be adjusted below a setting 
of 4.00, the unit should be red-tagged and returned for repairs. 
3.  If the meter reading is greater than ±15% of the response value of the calibration gas used, then 
the instrument should be red-tagged and returned for repair. 
4.  Record the calibration of instrument in the instrument calibration log and field logbook 
including: instrument model and ID number, date, time, initial and final span settings, and 
concentration and type of calibration gas. 
5.  In some field applications, with the exception of the probe's inlet and exhaust, the PID should be 
wrapped in clear plastic to prevent it from becoming contaminated and to prevent water from 
getting inside in the event of precipitation. 
 
7.3.2 Operation 
 
1.  All readings are to be recorded in the site logbook.  Readings should be recorded as "units above 
background," not ppm. 
2.  As with any field instrument, accurate results depend on the operator being completely familiar 
with the operator's manual.  The instructions in the operating manual should be followed explicitly 
in order to obtain accurate results.  
3.  Position the probe assembly close to the area to be monitored because the low sampling rate 
allows for only very localized readings.  Under no circumstances should the probe tip assembly be 
immersed in fluid. 
4.  While taking care to prevent the PID from being exposed to excessive moisture, dirt, or 
contamination, monitor the work activity as specified in the site Health and Safety Plan.  The PID 
survey should be conducted at a slow to moderate rate of speed and the intake assembly (the probe) 
slowly swept from side to side.  There is a three to five second delay in the read-out depending upon 
the instruments sensitivity to the contaminant. 
5.  During drilling activities, PID monitoring is to be performed at regular intervals downhole and in 
the breathing zone.  When opening monitoring wells readings should be taken at the wellhead and 
in the breathing zone.  Always follow the air monitoring requirements specified in the site-specific 
Health and Safety Plan.   
 
7.4 Post Operation 
 
1.  Turn FUNCTION Switch to OFF. 
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2.  Return the PID to a secure area and check the calibration (Section 7.3.1.) before charging.  
Connect the instrument to charger and plug in the charger.  The probe must be connected to the 
readout unit to charge the HNU type PID. 
3.  Complete logbook entries, verifying the accuracy of entries, and sign/initial all pages.   
 
8.0 QUALITY ASSURANCE/QUALITY CONTROL 
 
There are no specific quality assurance activities which apply to the implementation of these 
procedures.  However, the following general QA procedures apply: 
1.  All data must be documented on field data sheets or within site logbooks. 
2.  All instrumentation must be operated in accordance with operating instructions as supplied by 
the manufacturer, unless otherwise specified in the work plan.  Equipment checkout and calibration 
activities must occur prior to sampling/operation, and they must be documented. 
 
9.0 HEALTH AND SAFETY 
 
When working with potentially hazardous materials, follow U.S.  EPA, OSHA, and site-specific 
Health and Safety practices. 
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SAMPLE PACKAGING AND SHIPMENT 
CALIBRE STANDARD OPERATING PROCEDURES 

 
1.0 POLICY 
 
It is the policy of CALIBRE that any individual labeling, packing and shipping packages samples 
from job sites will abide by the procedures outlined in this document.  These procedures are 
designed to meet or exceed guidelines set forth by the Department of Transportation (DOT) for the 
shipment of potentially hazardous samples from environmental sites.  
 
2.0 PURPOSE 
 
This Standard Operating Procedure (SOP) provides instructions that are to be followed in the 
packaging, labeling, and shipment of samples collected during field operations. 
 
3.0 INTRODUCTION 
 
As with all field work, the ease and efficiency with which sample handling is conducted is 
proportional to the amount of preparation before entering the field.  Organization and a thorough 
understanding of the sampling plan are essential for the person designated to complete paperwork 
and ship samples.  Sufficient amounts of packaging materials must be assembled, shipping 
requirements determined, and shipping offices located before the trip. 
 
While the completion of some of the paperwork in the office is advisable, this practice must be 
tempered by judgment.  The completion of too much paperwork can be a problem if sampling plans 
or circumstances change in the field.  Each person must determine the balance between too much 
and too little pre-field paperwork and preparation through experience. 
 
Sample packaging, labeling, and shipment procedures are designed (1) to preserve sample quality so 
that analyses will yield results representative of site conditions, (2) to protect and inform sample 
handlers, including shippers and laboratory personnel, and (3) to provide a paper trail to allow cross 
referencing of sample collection locations with analytical results.  For the purpose of sample 
packaging and shipment, samples are categorized as “hazardous” samples unless it can be 
reasonably assumed that dioxins are not present and all other contaminants are at concentrations 
below 10 ppm.  If both these conditions are met, the sample can be packaged and shipped as an 
“environmental” sample.  If the contaminants are known, higher limits may qualify as 
“environmental” samples.  Procedures for handling these two types of samples follow. 
 
4.0 PREPARATION FOR FIELD WORK 
 

• Determine sample locations. 
• Determine number of samples (including QA/QC samples). 
• Determine analyses required. 
• Number stations unambiguously. 
• Determine probable concentrations of samples. 
• Determine number and type of sample bottles required. 
• Determine packaging materials required (e.g., strapping tape, ice chests, bubble wrap, etc.). 
• Contact all interested parties (e.g., USACE, EPA, state agencies, site owners, site operators, 

etc.). 
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• Assemble sample bottles and packaging materials. 
• Check applicable United States Department of Transportation (USDOT) shipping 

regulations. 
• Make plans for sample shipments (e.g., locate Fed-Ex, obtain laboratory address, etc.). 
• To avoid confusion, prior to sampling, bottles can be temporarily numbered with station 

numbers. 
• Plan for likely site conditions (e.g., hazards on the site, weather, accessibility of the site, 

etc.). 
 
5.0 SAMPLE HANDLING 

 
Once samples have been sealed in the ice chests, they are to be expeditiously transported to the 
analytical laboratory.  If the laboratory is located near the sampling site, the sampling team may 
drive the samples to the laboratory.  Otherwise, samples are to be routinely shipped by the overnight 
service. 
 
There are two types of airbills, the nonrestricted materials airbill for the shipment of environmental 
samples and the restricted articles airbill for the shipment of hazardous materials.  Environmental 
samples are generally collected from sources not expected to show significant contamination,  e.g., 
ponds, streams, and off-site soils.  Samples from obviously contaminated sources such as on-site 
soils and groundwater, drums, leachate, and tanks must be considered as hazardous materials and 
shipped according to USDOT regulation.  If enough information is known about a site to determine 
that any contamination is present at sufficiently low concentrations, then samples from these 
sources may be shipped as low level environmental samples. 

 
5.1 Packaging 

 
Samples suspected of containing dioxins at any concentrations, or suspected of containing other 
hazardous contaminants at concentrations over 10 ppm are to be overpacked and shipped according 
to USDOT regulations.  The following procedure is to be used for environmental sample packaging. 
 

• Decontaminate outside of sample containers. 
• Affix sample labels to corresponding sample containers. 
• Add preservatives to water samples as required. 
• Use ziplock bubble baggies to protect glass sample bottles and jars. 
• Enclose all other sample containers in sealed ziplock baggies. 
• Place bagged sample containers in an ice chest lined with bubble wrap, checking against 

chain-of-custody record to ensure all samples are listed and are in the correct ice chest. 
• Fill 1 to 3 ziplock bags with ice and include in the ice chest shipment if required by 

sampling and analysis plan.  All ice should be double bagged in heavy-duty ziplock bags. 
• Add packing material to ice chest to fill any remaining space. 
• Detach and retain the pink copy of the chain-of-custody form. 
• Seal remaining two copies of the chain-of-custody in a ziplock bag.  Tape the bag to the 

inside of the ice chest lid. 
• Affix airbill or airbill sticker to outside of the ice chest. 
• Ensure “This End Up” is written or affixed onto all four sides of the ice chest. 
• Ensure “Fragile” is written on two sides of the ice chest. 
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• Seal the ice chest with two custody seals (one on the front and one on the back).  Place one 
layer of clear packaging tape over the custody seals.  

• Tape ice chest shut using three rounds of strapping tape on either end. 
• Affix shipping labels to all ice chests. 
• Remove extraneous stickers from the ice chest. 
• Ensure that ice chests have a return address on them. 

 
Before relying on a shipping service, call that service to locate the drop off point 
nearest the site, then call that site to obtain the business hours and prepare them for 
your shipment.  Occasionally, service operators are not aware that they can ship 
environmental or hazardous samples and it is inconvenient to have them attempt to 
learn the procedures just before the shipment deadline.  Also, the shipping deadline 
for laboratories on the East Coast may be several hours earlier than the West Coast 
deadline.  Calling in advance can identify these considerations. 
 
5.2 Custody Seal 

 
This form is used to show that no tampering of the samples has occurred between the time the 
samples leave the field personnel and the time when they arrive at the laboratory. 
 
5.3 Environmental Samples Airbill 

 
Federal Express is used to ship the vast majority of samples to analytical laboratories.  This section 
describes the procedures used when shipping samples via Federal Express.  However, this does not 
prevent samplers from utilizing other carriers. 
Federal Express requires a completed “Nonrestricted Materials Airbill” for the shipment of 
environmental samples.  A separate airbill is required for each destination but multiple ice chests 
can be shipped under one airbill if they are being sent to the same laboratory.  The Federal Express 
Nonrestricted Materials Airbill is completed as follows. 
 
 (1) Date   The date the samples are shipped. 
 
  Sender’s FedEx CALIBRE FedEx account number should be printed     
  Account Number here. 
  Sender’s Name Sample team leader’s name. 
  Phone   Phone number of sample team’s office. 
  Company  CALIBRE followed by sample team office address. 
 
 (2) Internal Billing  Project/task number. 
  Reference 
 

(3) Recipient  Name of laboratory contact, laboratory name, 
    phone number, and address. 
 
(4) Service Check “FedEx Standard Overnight” box. 
 
(5) Packaging  Check “Other Pkg.” Box. 
 
(6) Special Handling Check “No” box. 
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(7) Payment  Check “Sender” box. 
 
(8) Release Signature Leave blank, do not sign. 
 

5.4 Hazardous Materials Airbills 
 

Unlike the regular airbill, the Dangerous Goods or Restricted Articles airbill has two parts.  In 
addition to the upper portion, which is identical to the regular airbill, the Restricted Articles airbill 
has a lower portion entitled “Shipper’s Certification for Dangerous Goods”.  Every effort must be 
made to fill out this portion correctly, as shippers may be subject to fines for the improper transport 
of restricted articles. 

 
(1-5) These sections are filled out in the same way as the regular airbill. 

 
(6) Check the box labeled “49 CFR”. 

 
(7) Write in the number of ice chests being shipped on that airbill. 

 
(8) Proper Shipping One of the following will usually apply; Solid, NOS”,                           
  Name   “Flammable Liquid, NOS”, “Flammable Solid, NOS”,       

  “Compressed Gas, NOS”, “Corrosive”, or “Hydrogen”.  
Regulations require that the hazardous constituents must be 
entered along with the NOS designation (i.e., “Compressed 
Gas, NOS [0.1% hexane in air]). 

 
(9)       Class or Division One of the following will usually apply;” Nonflammable Gas”, 

“Flammable Liquid”, “Flammable Solid”, or “Flammable 
Gas”. 

 
 
 (10) UN or NA Number Consult USDOT Tables for proper UN or NA  
     number.  UN numbers should be written “UN1992”  
     not “1992”. 
 

(11) Subsidiary Risk This column is filled out when the substance has more than  
     one hazard as listed in USDOT Tables. 
 

 (12) Total Net Quantity Write the total quantity of hazardous materials in the  
     shipment in appropriate units. 
 
(13) Radioactive  Check box if materials are radioactive. 
  Materials 
 
(14) Transport Details Shipping limitations as follows: 

a. Flammable Liquids 
• Less than 32 oz. – Passenger aircraft 
• 32 oz. to 10 gal. – Cargo aircraft 

b. Flammable Solids 
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• Less than 25 lbs. – Passenger or cargo aircraft 
• 25 lbs. To 1,000 lbs. – Cargo aircraft 
• Greater than 1,000 lbs. requires more extensive 

procedures.   
 
Twenty five lbs. being the total weight of the ice chest (an 
empty ice chest weighs approximately 18 lbs.). 
 

(15) Print shipper’s name and title. 
 

(16) Write in name of the city the shipment is being made from. 
 

(17) Write in telephone number of 24 hour emergency response contractor. 
 

(18) Shipper’s signature. 
 
5.5 Carrier Sticker 

 
The carrier sticker is attached by carrier employees to the additional ice chests when more than one 
is going to the same laboratory.  These are bar code stickers that are adhesive backed and are easily 
attached to the outside of the ice chest. 
 
5.6 Warning Labels 

 
USDOT regulations require warning labels for hazardous materials.  USDOT regulations must be 
consulted and adhered to for all shipments. 
 
6.0 SAMPLE SHIPMENT 

 
When shipping hazardous materials (which may include samples or equipment), personnel must be 
aware that specific regulations govern the packaging, labeling, and transport of these items.  
Hazardous materials are defined by the Hazardous Materials Regulation Board and set forth in 49 
CFR Parts 171-178, and must be shipped in strict accordance with USDOT procedures.  CALIBRE 
staff members should be aware that regulatory agencies have the authority to levy substantial 
financial penalties on violators.  These regulations apply to shipment by non-commercial (i.e., 
personal, rented, or company vehicles) as well as by commercial carrier.  Persons making shipments 
should remember that only designated air carrier offices will accept hazardous materials. 
 
6.1 Environmental Samples 

 
Samples that are not expected to contain significant levels of contamination, such as those taken 
from streams, ponds, and off-site soils are considered environmental samples.  That is, all low 
concentration samples are shipped as “Environmental Samples”.  These samples have no packaging, 
labeling, or shipping requirements beyond the usual procedures.  Most air carriers require an 
address of the sender and of the receiver to be on the ice chest.  The primary concern in the case of 
“Environmental Samples” is that the samples reach their destination in a timely and undamaged 
state. 
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6.2 Hazardous Materials Samples 
 

Samples taken from such potentially contaminated sources as on-site soils, drums, storage tanks, 
impoundments, lagoons, or leachates or from obviously contaminated locations must be treated as 
hazardous material samples and be shipped accordingly.  If there is any doubt, a sample should be 
shipped as hazardous material.  Both medium and high concentration samples are shipped as 
hazardous materials. 
 
Hazardous materials must be packaged differently than the more common environmental samples.  
The sample is placed in a bubble baggie then placed in a metal paint can, one sample per can.  The 
dead air space is filled with vermiculite and the can is sealed with metal clips.  The paint cans are 
labeled with the following:  Sample Tag#, Project Name, date, and any applicable warning labels.  
The cans are then shipped in an appropriately labeled ice chest. 
 
6.3 Known Materials 

 
Hazardous materials are further divided into known materials and unknown materials depending on 
the situation at the site.  If all the hazardous substances in the sample are known or can be 
accurately identified, the sample is packaged, labeled, and shipped according to the instructions for 
that material, as detailed in the USDOT Hazardous Materials Table, 49 CFR 172.101 and the 
HM181 Rule – new package requirements.  These change too frequently to include here. 
 
6.4 Unknown Materials 

 
When one or more substances in the sample cannot be identified, the sample must be shipped as an 
“unknown material”.  The appropriate transportation procedures are determined by classifying the 
sample through a process of elimination using the USDOT Hazardous Materials Table. 
 
Radioactive Materials.  If radiation survey instruments indicate, or there is a reasonable suspicion 
the samples contain radioactive materials, they must be shipped as radioactive materials.  
Regulations governing transport of radioactive materials are given in 49 CFR parts 173.389 to 
173.398. 
 
Poison A.  USDOT defines Poison A as extremely dangerous non-radioactive poisonous gas or 
liquid of such a nature that a very small amount of gas or vapor of the liquid will be dangerous to 
life.  Most Poison A materials are gases and would not be commonly found in field activities.  All 
samples found in closed containers do not have to be shipped as Poison A.  Judgment based on 
available information must be used to decide if a sample is Poison A.  Special efforts to be familiar 
with all regulations governing transport of Poison A samples should be made personally by all team 
leaders expecting to ship such samples.  Begin with 49 CFR 173.2. 
 
Flammable Liquids.  The next two categories in the USDOT classification are flammable gas and 
non-flammable gas.  In usual circumstances, sampling does not include gases, nor are sampling 
containers expected to contain a significant amount of gas in their airspace.  For samples containing 
unknown materials, other classifications listed below flammable liquid are not usually considered.  
In order to classify a substance as non-flammable, a flash point test is required.  Such tests would be 
impractical or even dangerous in the field.  Thus, unknown hazardous samples are usually shipped 
as flammable liquids.  The phrase “flammable liquid” does not necessarily mean the sample is 
either flammable or a liquid; it merely refers to a shipping classification in accordance with USDOT 
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regulations.  If the sample is a solid or a sludge, it may be shipped as a “flammable solid”.  Any 
unknown material that is not classified as Poison A, flammable gas, or nonflammable gas should be 
shipped as a flammable liquid or a flammable solid. 
 
“Flammable liquid” and “flammable solid” samples must be packed in paint cans as “high” or 
“medium” concentration samples for shipment.  The following information must be placed on each 
paint can: 
 

• Laboratory name and address. 
• “FLAMMABLE LIQUID, NOS UN1993” or “FLAMMABLE SOLID, NOS UN1325 

(NOS means Not Otherwise Specified or Not Otherwise Stated). 
• “DANGEROUS WHEN WET” if applicable. 
• Sample Tag #. 
• The date. 

 
The ice chest in which the paint cans are packed should have the following labels: 
 

• Laboratory name and address. 
• “FLAMMABLE LIQUID, NOS UN1993” or “FLAMMABLE SOLID, NOS UN1325. 
• “DANGEROUS WHEN WET” if applicable. 
• “CARGO AIRCRAFT ONLY”. 
• “LABORATORY SAMPLES”. 
• “INSIDE PACKAGES COMPLY WITH PRESCRIBED SPECIFICATIONS”. 
• “THIS END UP”. 

 
Unknown hazardous materials can be transported by truck, rail, or overnight carriers, but must not 
be transported by passenger carrying aircraft. 
 
7.0 SHIPMENT COORDINATION 

 
Once samples have been shipped to the analytical laboratory, the sample team leader must notify 
the appropriate client and/or laboratory contact.  Notification must be on the day of the shipment 
and if after hours, the team leader may need to leave a detailed message. The following information 
is to be provided: 
 

• Team leader name. 
• Telephone number for following day contact. 
• Site or project name. 
• Exact number of samples shipped by matrix and environmental or hazardous concentrations. 
• Shipping company and airbill numbers. 
• Method of shipment (overnight). 
• Date of shipment. 
• Analyses requested to be performed by laboratory and sample matrix. 
• Any irregularities or problems with samples including special handling instructions. 
• Status of sampling mission (i.e., final shipment or future sampling schedule). 
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SOIL SAMPLING 
CALIBRE STANDARD OPERATING PROCEDURES 

 
1.0 POLICY 
 
It is the policy of CALIBRE that any individual engaging in collection of soil samples at job sites 
will abide by the procedures outlined in this document.  These procedures are designed to meet or 
exceed guidelines set forth by the Environmental Protection Agency (EPA) for the collection of 
representative soil samples used to determine whether concentrations of specific pollutants exceed 
established action levels, or if the concentrations of pollutants present a risk to public health, 
welfare, or the environment. 
 
2.0 PURPOSE 
 
This Standard Operating Procedure (SOP) provides instructions that are to be followed in collecting 
samples of either soil or sediments. 
 
3.0 SOIL SAMPLING 
 
Soil samples may be collected by either using hand tools, i.e., disposable scoop, trowel, shovel, 
bucket auger, or by a power driven sampling device such as a split spoon.  The sample collection 
method should be noted in the field logbook.  Samples collected for volatile organic compound 
analysis should be taken with Encore samplers using encore techniques. 
 
Once the sampling location has been selected, any vegetation and/or loose material shall be 
removed from a circular area approximately 2 feet in diameter.  The purpose of this step is to 
prohibit surface material from falling into the sample hole and possibly contaminating the sample.  
Also, a level surface will facilitate hole depth measurements. 
 
To prevent potential surface contamination from any subsurface sample contaminants, plastic 
sheeting should be placed adjacent to the sample location.  All subsurface material that is collected 
must be placed on this sheeting. 
 
2.1 Shovel and Trowel/Scoop 
 
When the prescribed sample depth is reasonably shallow (down to approximately 4 feet), a 
decontaminated shovel and disposable scoop or trowel can be used following the sequence of steps 
described below: 
 

1) Label all jars with required tags and labels.  Fill out all information except the actual date 
and time.  Sort jars, one set per sampling location with additional sets as needed for QA/QC 
samples. 

 
2) Note exact location of the sample in the field logbook.  If possible, photograph the location. 

 
3) At the time of individual sample collection, record date and time on all sample containers 

and in the field logbook.  Cover all container labels with wide, transparent, waterproof tape 
to ensure label integrity. 
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4) Use a decontaminated shovel to remove the overburden to the prescribed depth and place 
excavated material on the plastic sheeting. 

 
5) If the samples are being analyzed for volatile organic compounds (VOCs), collect the VOC 

fraction first.  VOC sample containers should be tightly packed using a disposable scoop, 
leaving no airspace in the jar. 

 
6) Using the scoop, fill the remaining jars at least ¾ full. 

 
7) Wipe off the outside of the jar and place it in a bubble baggie.  Place the bagged jar in a 

cooler, with ice if the sample plan calls for ice. 
 

8) Replace excavated material from the plastic sheeting into hole and cap with removed 
vegetation or other material. 

 
9) Decontaminate the sampling equipment for the next sample. 

 
10) Field soil sample duplicates are to be collected either by compositing the soil in a gallon 

baggie (a composite field duplicate) or sampling from a close adjacent location (a collocated 
field duplicate).  Follow the site-specific sample plan and document the duplicate collection 
process in the field logbook. 

 
2.2 Bucket Auger 

 
A bucket auger may be used for sample collections at intermediate depths depending on surficial 
geologic conditions (1 to 15 feet).  Augers do not work well in rocky soils. 
 

1) Label all jars with required tags and labels.  Fill out all information except the actual date 
and time.  Sort jars, one set per sampling location with additional sets as needed for QA/QC 
samples. 

 
2) Note exact location of the sample in the field logbook.  If possible, photograph the location. 

 
3) At the time of individual sample collection, record date and time on all sample containers 

and in the field logbook.  Cover all container labels with wide, transparent, waterproof tape 
to ensure label integrity. 

 
4) On the auger, use a tape measure to locate the sample depth up from the bottom of the auger 

head and mark it. 
 

5) Place the auger above the selected sample location and turn the “T” handle to screw the 
auger into the soil. 

 
6) Remove the soil and repeat until sample depth is reached.  Expel the soil plug by holding the 

auger upside down and tapping the handle on the ground.  Place excavated material on a 
plastic sheet. 

 
7) After reaching the desired depth, decontaminate the auger and remove one more soil plug.  

Collect the sample and place into sample containers using a disposable scoop. 
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8) If the samples are being analyzed for volatile organic compounds (VOCs), collect the VOC 

fraction first.  VOC sample containers should be tightly packed using a disposable scoop, 
leaving no airspace in the jar. 

 
9) Using the scoop, fill the remaining sample containers at least ¾ full. 
 
10) Wipe off the outside of the jar and place it in a bubble baggie.  Place the bagged jar in a 

cooler, with ice if the sample plan calls for ice. 
 
11) Replace excavated material from the plastic sheeting or use bentonite and cement grout if 

downward migration of contaminants is a concern. 
 
12) Decontaminate the sampling equipment for the next sample. 
 
13) Field soil sample duplicates are to be collected either by compositing the soil in a gallon 

baggie (a composite field duplicate) or sampling from a close adjacent location (a collocated 
field duplicate).  Follow the site-specific sample plan and document the duplicate collection 
process in the field logbook. 

 
2.3 Split Spoon 

 
A split spoon sampler is used to take subsurface soil samples by being forcefully driven into the soil 
at the bottom of a bore hole.  Samples may be retrieved along the entire length of the bore hole to 
obtain an unbroken record of the subsurface layers or at selected intervals.   
 
The split spoon is threaded on to the end of the drill rod in place of the drill bit.  The bore hole may 
contain casing (steel or plastic pipe), depending on future use of the hole and the rigidity of the 
penetrated formation.  The sampler is lowered on the drill rod to the bottom of the boring by heavy 
steel cable connected to the drilling mast.  The sampler is forced into the soil by a drive weight that 
is dropped repeatedly onto the drive head located at the top of the drill rod.  Weights up to 350 
pounds are available but the most commonly used for a two-inch diameter sampler is a 140-pound 
weight.  The weight is typically allowed to fall a distance of 30 inches.  The sampler is driven into 
the soil to a depth that is about 6 inches shorter than the length of the sampler itself.  Split spoon 
samplers are manufactured in 18-inch and 24-inch lengths with 2-inch to 3-inch outside diameters. 
 
Occasionally, bedrock or extremely compacted soils are encountered that make further advance of 
the sampler extremely difficult or impossible without damage to the sampler.  This is known as 
“refusal” and is defined as “penetration of less than 1 foot for 100 blows”; a blow being the act of 
striking the drive rod with the drive weight.  Six inches for 50 blows is also commonly recognized 
as refusal.  Upon refusal, the bore hole is to be either abandoned or the sampler removed and 
replaced by a drill bit. 
 
Split spoon sample collection procedure: 
 

1) Label all jars with required tags and labels.  Fill out all information except the actual date 
and time.  Sort jars, one set per sampling location with additional sets as needed for QA/QC 
samples. 
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2) Note exact location of the sample in the field logbook.  If possible, photograph the location. 
 

3) At the time of individual sample collection, record date and time on all sample containers 
and in the field logbook.  Cover all container labels with wide, transparent, waterproof tape 
to ensure label integrity. 

 
4) Receive sampler from driller and place on a secure bench or rack for opening. 

 
5) Separate the sample tube (a flat-blade screwdriver is useful) exposing the sample or, if used, 

brass liners. 
 

6) Run a knife between the liners to separate and immediately seal the cut ends with Teflon 
film if VOCs analysis is required.  Wrap with Teflon plumber’s tape, cap with plastic lids, 
and wrap with grey duct tape. Apply sample label. 

 
7) If no liner is used, the sample may be collected from the open spoon using a disposable 

scoop. 
 

8) If the samples are being analyzed for volatile organic compounds (VOCs), collect the VOC 
fraction first.  VOC sample containers should be tightly packed using a disposable scoop, 
leaving no airspace in the jar. 

 
9) Using the scoop, fill the remaining sample containers at least ¾ full. 
 
10) Wipe off the outside of the jar and place it in a bubble baggie.  Place the bagged jar in a 

cooler, with ice if the sample plan calls for ice. 
 
11) Replace excavated material or use bentonite and cement grout if downward migration of 

contaminants is a concern. 
 
12) Decontaminate the sampling equipment for the next sample. 

 
13) Field soil sample duplicates are to be collected either by compositing the soil in a gallon     

baggie (a composite field duplicate) or sampling from a close adjacent location (a 
collocated field duplicate).  Follow the site-specific sample plan and document the duplicate 
collection process in the field logbook. 

 
2.4 Tube Sampler 

 
A tube sampler may be used for collecting sediment samples underneath water.  Depending on the 
volume of sample material desired, tubes ranging from ½ to 2 inches can be used.  The tube can be 
made of glass, clear plastic, PVC, or other material as appropriate for the sediment composition 
being sampled. 
 
If taking both a water sample and a sediment sample, the water sample must be taken first because 
turbidity created in the water while taking the sediment sample would result in a non-representative 
water sample. 
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Split spoon sample collection procedure: 
 

1) Label all jars with required tags and labels.  Fill out all information except the actual date 
and time.  Sort jars, one set per sampling location with additional sets as needed for QA/QC 
samples. 

 
2) Note exact location of the sample in the field logbook.  If possible, photograph the location. 

 
3) At the time of individual sample collection, record date and time on all sample containers 

and in the field logbook.  Cover all container labels with wide, transparent, waterproof tape 
to ensure label integrity. 

 
4) Insert the tube into the sediment to the prescribed depth.  Seal the top end of the tube with a 

gloved hand or a cap and remove the tube.  The suction created causes the sediment to 
remain in the tube.  Place sediment in the tube on plastic sheeting by removing the gloved 
hand or cap from the top of the tube and allowing the sediment to flow out. 

 
5) If the samples are being analyzed for volatile organic compounds (VOCs), collect the VOC 

fraction first.  VOC sample containers should be tightly packed using a disposable scoop, 
leaving no airspace in the jar. 

 
6) Using the scoop, fill the remaining jars at least ¾ full. 

 
7) Wipe off the outside of the jar and place it in a bubble baggie.  Place the bagged jar in a 

cooler, with ice if the sample plan calls for ice. 
 

8) Replace sediment from the plastic sheeting into hole. 
 

9) Decontaminate the sampling equipment for the next sample. 
 

10) Field sediment sample duplicates are to be collected either by compositing the sediment in a 
gallon baggie (a composite field duplicate) or sampling from a close adjacent location (a 
collocated field duplicate).  Follow the site-specific sample plan and document the duplicate 
collection process in the field logbook. 

 
2.5 Encore Sampling 
 
The following attachment describes the procedures to use in Encore sampling: 
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UTILITY CLEARANCE REQUIRED PRIOR TO INTRUSIVE INVESTIGATION OR 
REMEDIATION ACTIVITIES 

CALIBRE STANDARD OPERATING PROCEDURES 
 

1.0 POLICY 
 
It is the policy of CALIBRE that any individual engaging in any intrusive investigation or 
remediation work (well/test boring, drilling, direct push sampling, test pit excavations or similar 
subsurface investigation work) at job sites will abide by the procedures outlined in this document.  
These procedures are designed to meet or exceed guidelines set forth by the Washington Utilities 
Coordinating Council (WUCC) or other similar agencies in different states.  
 
2.0 PURPOSE 
 
This Standard Operating Procedure (SOP) provides instructions that are to be followed for utility 
clearance prior to starting intrusive investigation or remediation work.  Underground utility 
clearance (gas, water, sewer, power, communication, other) is an initial step prior to any 
intrusive/drilling work, all steps must be completed and documented. 
 
3.0 STEPS FOR UTILITY CLEARANCE 
 
Subsurface utility drawings must be requested from the client/property owner or other appropriate 
entity.  Personnel will conduct a field inspection of the site and review available subsurface utility 
drawings.  The field inspection must look for obvious (or potential) signs of utilities such as 
alignment of storm drains, location of utility meters, power lines connecting down from power 
poles, power lines connecting up to service connections, or saw cuts in the surface cover.  Field 
locations will then be marked on the ground and on a suitable base map that can be provided to 
other parties. Detailed information on the locations must be recorded (map page from Thomas 
Guide, cross streets that are nearby, and distance from easily identified reference locations such as 
corner of a specific building). 
   
Prior to the installation of any new wells a utility clearance will be performed and the utility 
clearance SOP reviewed.  The utility clearance will be performed using the following steps: 

1) Review available as-built drawings of utility locations, 
2) Complete any client-specific review/permitting required (dig permits or other), 
3) Call the Utility Notification Center (UNC) at least 48 hours prior to drilling, 
4) Engage third party utility survey/clearance in moderate or high risk areas, and 
5) If necessary, hand dig the first 2-5 feet. 

 
 

3.1 COMPLETE ANY CLIENT-SPECIFIC UTILITY CLEARANCE PROCESSES 
Various customers/clients may have existing processes in place for utility clearance on their 
property (such as dig permits or other).  The project Work Plan needs to determine any client-
specific (or locality-specific) processes/documentation required and the required steps followed and 
documented.  The client-specific requirements may overlap with the subsequent steps listed below, 
however both are required if they do not overlap. 
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3.2 CONTACT UTILITY NOTIFICATION CENTER 

 
The Utility Notification Center (UNC) will be notified at least 48 hours prior to initiation of 
subsurface investigation or remediation so that subscribers can mark their nearby utilities.  The call 
will be documented (time, date and reference number provided).  Any return information provided 
will be documented (typically a return phone call from various utility providers that local utilities 
have been marked and that specific utilities are present or not present in the area). 
 

3.3  INDEPENDENT UTILITY SURVEY 
 
Many project locations are on private property where limited (if any) clearance is provided by the 
UNC service.  As appropriate based on the UNC information, as-built drawings and the general 
nature of development in the area, CALIBRE will retain an independent utility locator to assess the 
potential presence of subsurface utilities and structures in the area (beyond the as-built utility 
review and UNC clearance noted above).  Subsurface anomalies detected during the utility survey 
will be marked with paint and/or flagging.  The area around each location will be cleared to a 
minimum of 5 feet from the marked location to allow for alternate locations in case of refusal 
during drilling at the primary location.   
 

3.4  MANUAL CLEARANCE IN CONGESTED AREAS 
 
If the area indicates many nearby utilities, a manual clearance of utilities (visual inspection within 
the hole) must be completed.  Two options (potentially more) exist for this: manually dig down with 
a post-hole digger or contract with a vacuum truck equipped with an air knife to clear each boring 
location.  In most soils a post-hole digger can be used to clear to a depth of 3 to 4 feet.  A vacuum 
truck with an air knife can clear to an approximate depth of 6- to 8-feet (potentially deeper).  If a 
subsurface utility or other obstruction is encountered, the boring locations will be adjusted as 
necessary.  During preparation of the site-specific health and safety plan (HASP), a determination 
will be made as to the depth of manual clearance required for any given boring. 
 
4.0 DOCUMENTATION 
 
All steps noted above are to be documented in site logbooks and retained in the project files. 
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VAPOR SAMPLING 
CALIBRE STANDARD OPERATING PROCEDURES 

 
1.0 POLICY 
 
It is the policy of CALIBRE that any individual engaging in collection of vapor samples at job sites 
will abide by the procedures outlined in this document.  These procedures are designed to meet or 
exceed guidelines set forth by the Environmental Protection Agency (EPA) for the collection of 
vapor samples.  
 
2.0 PURPOSE 
 
This Standard Operating Procedure (SOP) provides instructions that are to be followed in the 
collection of vapor samples (gas phase) for laboratory or field analysis of volatile organic 
compounds (VOCs).  The purpose of this SOP is to define the use of several different air sampling 
techniques that can be used for soil gas monitoring, indoor air monitoring and remediation system 
monitoring of VOCs present as a vapor phase in air. The sampling methods discussed include 
sample collection with Tedlar bags, sample collection using SUMMA canisters and field testing 
using a Photo Ionization Detector (PID) and other vapor monitoring instruments. 
 
3.0 INTRODUCTION 
 
Vapor samples may be collected as part of remediation systems performance monitoring, soil gas 
monitoring or indoor air monitoring to provide a means of detecting volatile organic compounds 
(VOCs) in the specific sampling matrix. This SOP outlines the methods to be used for the collection 
of vapor samples using Tedlar bags and SUMMA canisters and measurement of organic vapor 
levels in samples using a PID. 
 
4.0 METHOD SUMMARY 
 
The objective of the vapor sampling procedures described herein is to collect representative gas 
samples of the targeted media and analyze the gas for the presence of VOCs. Typically, a low 
volume air pump is used to pull a sample through the sampling train.  
 
The sample may be collected in Tedlar bags using a vacuum box (see Figure 1), or directly to the 
Tedlar bag depending on the sampling point (lines under pressure do not need to use a vacuum 
box).  An air pump is not required to fill a SUMMA canister; sampling is achieved by equilibration 
with the evacuated SUMMA canister, however a vacuum pump may still be necessary to flush the 
sampling train.  The sample container may then be shipped to a laboratory for analysis of VOC 
present. 
 
The common laboratory analytical procedures used for analysis of VOCs in gas samples are EPA 
methods 8260B, T015.  Both of these analytical methods utilize a GC/MS analysis. Typical 
detection limits for the 8260B analysis are VOCs in the range of 5-100 ug/m3.   Typical detection 
limits for the T015 analysis are VOCs in the range of 1-10 ug/m3.   Typical detection limits for the 
PID analysis using a Rae Systems ppb PID are the range of 100-1,000 ug/m3 (as total organic 
vapors). 
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A PID employs the principle of photoionization to detect and quantify the concentration of organic 
vapors present in a gas phase sample.  The analyzer will respond to most vapors that have an 
ionization potential (IP) less than or equal to that supplied by the ionization source used in the PID, 
an ultraviolet (UV) lamp.  Photoionization occurs when an atom or molecule absorbs a photon of 
sufficient energy to release an electron and form a positive ion.  



Figure 1  Sampling setup using Tedlar 
bag in evacuated box
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The ionization chamber exposed to the light source contains electrodes to create an electro-magnetic 
field in the chamber.  Ions formed by the VOC adsorption of photons are driven to an electrode and 
the current produced is then measured and the corresponding concentration displayed on the meter, 
directly, in the units used for calibration, typically parts per million volume (ppmv) or parts per 
billion volume (ppbv).  Though it can be calibrated to a particular compound, the instrument cannot 
distinguish between detectable compounds in a mixture of gases and, therefore, indicates an 
integrated response to the mixture (i.e., the measurement is for the total organic vapors present). 
 
Field air monitoring devices include a Rae Systems ppb PID that reads in ppbv and a variety of 
other PID instruments that typically read in ppmv.  Sampling with field instruments is typically 
completed with the sample first collected in a container, such as a Tedlar bag, and the PID 
instrument (or other) used to read the total organic vapor concentration in the sample. 
 
5.0  SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE 
 
5.1 Tedlar Bags 
 
Vapor samples are generally collected in 1-liter (L) Tedlar bags. Bagged samples should be stored 
in the dark (i.e., in opaque containers) and protected from mechanical damage during transit to the 
laboratory. Further, samples should be maintained at ambient temperature by placing them in 
coolers, and out of direct ultra-violet (UV) light. Samples should be analyzed as soon as possible, 
particularly, if the stability of the compound is unknown.  Under some conditions (typically 
considered to be high VOC concentrations), loss may occur either because of diffusion through the 
Tedlar bag or adsorption onto it.   
 
A typical holding time for VOC analysis (using Tedlar bags for sampling) is no more than 48 hours.  
Because of this short holding-time, it is critical that the sampling event and shipping be coordinated 
with the laboratory prior to sample collection.  In general, Tedlar bag samples collected for 
laboratory analysis must be collected on Monday/Tuesday and delivered by overnight courier to the 
laboratory (unless other specific arrangements have been made with the laboratory for the delivery 
date). 
 
5.2 SUMMA Canisters 
 
The SUMMA canisters used for vapor sampling have a 6-liter sample capacity and are certified 
clean by GC/MS analysis before being used in the field. After sampling is completed, the samples 
are shipped in travel cases for off-site laboratory analysis.  Most VOCs can be recovered from 
canisters with minimal loss up to 14 days. 
 
5.3 Field Sampling with PID (and other instruments) 
 
A PID instrument may be used for on-site testing of the sample collected.  A PID is typically used 
in conjunction with sample collection in a Tedlar bag.  Other field instruments that may be used 
(depending on the site conditions, contamination present and sampling objectives) include 
oxygen/lower explosive limit (O2/LEL) meters, Flame Ionization Detectors (FIDs).   Examples of 
other field air monitoring instruments include: combustible gas indicator (MSA CGI/02 Meter, 
Model 260), organic vapor analyzer (Foxboro OVA, Model 128, Thermo electron OVA model 
580), and a variety of other instruments by various manufacturers.  For any instrument used on a 
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project, each must have the model-specific O&M manual which will specify the key details on 
calibration, resolution, interferences, etc. 
 
6.0  INTERFERENCES AND POTENTIAL PROBLEMS 
 
6.1  Factors Affecting the Sample Collected with Tedlar Bags or SUMMA Canisters 
 
Standard laboratory analytical methods will detect VOCs at levels less than 1 part per billion 
volume (ppbv) in vapor phase samples.  As a consequence, the potential for inadvertent sample 
contamination is a significant concern since many of the compounds in question are commonly used 
in commercial products, industries and residential settings.  In order to minimize the risk of cross 
contamination, the following factors should be considered: 
 

1) Proximity of the containers (bags/canisters) to source(s) of potential contamination during 
transportation and storage. Containers and the sampling train (tubing, pumps, or other) must 
be kept away from potential source(s) to the maximum extent feasible to minimize the 
chances of external contamination.  All bags should remain in clean sealed containers until 
the time of use. 

 
2) A variety of common products (many used in field sampling) will contain compounds that 

may be detected in the analysis.  Examples include marking paint, marking pens (sharpies), 
fuel, adhesives, tape, and decontamination solutions from other sampling/well purging.  The 
utmost care must be taken to minimize the potential for inadvertent contamination of the 
samples and sampling train. 

 
3) Containers must be attached only to clean Teflon tubing. 

 
4) For Tedlar bags, attach the sample label to the bag using a string or zip-tie through the eyelet 

on the Tedlar bag.  Common adhesives found in the label may potentially permeate the bag 
if placed on the body of the bag. 

 
5) Fill out labels using only a ballpoint pen; permanent markers contain volatile compounds 

that may contaminate the sample. 
 

6) Due to the chemical structure of Tedlar, highly polar compounds may adhere to the inner 
surface of the bag. Also, low molecular weight compounds may permeate the bag. 

 
6.2 PID Measurements 
 
A number of factors specific to vapors associated with remediation systems and soil/indoor air 
vapor monitoring can affect the response of a PID.  The most common problem in using a PID is 
rapid temperature fluctuations which may cause the PID lamp to fog; high humidity can also cause 
lamp fogging and decreased sensitivity. This can occur when the relative humidity of the sample 
collected is high such as soil vapor samples from moist/wet soils.  The critical step to minimize 
problems associated PID lamp fogging is to keep the PID warm (such as in the heated cab of a field 
vehicle) if ambient conditions are wet or cold.   High and low temperature, and naturally occurring 
compounds, such as terpene hydrocarbons in wooded areas, can affect instrument response.  Always 
follow instructions in the instrument manual (see references or manual). 
 



6 
Vapor Sampling SOPs, 3 April 2007 

Specific considerations in the use of a PID include the following: 
1) The PID is a nonspecific total organic vapor detector.  It cannot be used to identify unknown 

substances; it can only quantify the total organic vapors (as calibrated to isobutylene 
response). 

2) The PID must be calibrated to a specific compound (or more typically include a conversion 
factor for equivalent response as isobutylene). 

3) The PID does not respond to certain low molecular weight hydrocarbons, such as methane 
and ethane, in addition, the PID does not detect a compound if the probe has a lower energy 
than the compound's IP.  Specific compounds (e.g., carbon tetrachloride and hydrogen 
cyanide, have high IPs and cannot be detected with a PID.   

4) Certain models of PID instruments are not designed for use in potentially flammable or 
combustible atmospheres. 

5) The lamp window must be periodically cleaned to ensure effective ionization of the 
compounds by the probe (although this step has been largely eliminated with the self 
cleaning process implemented the Rae Systems ppb PID). 

6) The PID measures concentration linearly over the calibrated range, any response outside of 
the calibrated range cannot be reliably quantified.  The Rae Systems ppb PID requires 
special procedures for the zero calibration.    

7) The instrument should not to be exposed to precipitation.  
8) Do not use the instrument for head space analysis where liquids can inadvertently be drawn 

into the probe. 
 
Transport of calibration gas cylinders by passenger and cargo aircraft must comply with 
International Air Transport Association (IATA) Dangerous Goods Regulations or the U.S. Code of 
Federal Regulations, 49 CFR Parts 100-177.  A typical calibration gas included with a PID is 
isobutylene.  It is classified as a non-flammable gas, UN #1556 and the proper shipping name is 
Compressed Gas.  It must be shipped by cargo aircraft only. 
 
6.3 Factors Affecting the Concentrations of Organic Compounds in Soil Gas 
 
Concentrations of organic compounds in vapor can be affected by the physical and chemical 
characteristics of the soil, soil moisture, and nature of the target compound. Important factors to 
consider include the compounds’ vapor pressure, solubility and soil partitioning (typically estimated 
from the organic carbon adsorption coefficient Koc).  Soil porosity and permeability will affect the 
movement of soil gas and the recharge rate of the soil gas into a well. The movement of organic 
vapors through fine textured soil may be very slow, thus limiting the sample volume available and 
the use of this technique.  
 
The presence of a high or perched water table, or of an impermeable underlying layer (such as a 
clay lens or layer of buried slag) may interfere with the movement and sampling of the soil gas.  
 
 
7.0 EQUIPMENT/APPARATUS 
 
7.1 Tedlar Bag Sample Collection 
 
The following equipment must be available and operational to perform Tedlar bag sampling: 

1) Vacuum box must be clean, Teflon tubing replaced, and equipped with extra O-rings 
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2) Pump(s) must be charged, in good working order, and set with the appropriate flow rate of 3 
liters per minute 

3) Tedlar bags must be new. 
4) Sample documentation (sample labels, field data sheets, logbook, chain of custody records, 

custody seals, etc.) 
5) Small zip-ties to affix label through eyelet on bag 
6) Air sampling worksheets 
7) Opaque trash bags 
8) PID or other field air monitoring devices 
9) Cooler(s) 

 
7.2 SUMMA Canister Sample Collection 
 
The following equipment must be available and operational to perform sampling with SUMMA 
canisters: 

1) Pump(s) must be charged, in good working order, and set with the appropriate flow rate of 3 
liters per minute 

2) SUMMA canisters must be certified clean. 
3) Sample documentation (sample labels, field data sheets, logbook, chain of custody records, 

custody seals, etc.) 
4) Air sampling worksheets 
5) PID or other field air monitoring devices 

 
7.3 Field Measurement of VOCs with PID (or other field instrument) 
 
The following equipment must be available and operational to perform Field Testing of VOCs with 
a PID: 
 

1) PID instrument, user’s manual, calibration gas and regulator, zero gas, or virgin charcoal 
tubing).  The PID must be fully charged the night before (and include spare batteries if 
feasible). 

2) Tedlar bags must be new. 
3) Sample documentation (sample labels, field data sheets, logbook, chain of custody records, 

etc.). 
4) Air sampling worksheets 
5) Opaque trash bags 
6) Any other equipment defined in section 6.1 

 
8.0 REAGENTS 
 

1) Calibration gases, typically isobutylene at 10 ppm for a Rae ppb PID or 100 ppm for other 
PIDs. 

2) Materials required to zero the PID instrument (sealed virgin charcoal tubes for the Rae ppb 
PID or Ultra-zero grade compressed air for other PIDs). 
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9.0 PROCEDURES 
 
9.1 Flushing the Volume of the Sampling Train 
 
The sampling train will contain a volume of ambient air that must be flushed from the system before 
the sample is collected.  The flushing volume may be determined by a volume calculation and/or by 
using a field instrument to verify that the initial volume has been purged.  Teflon tubing (not Tygon 
tubing) should be used for the sampling train.  Typically three volume flushes should be sufficient 
for removing ambient air from the sampling train. 
 
9.2 Sample Collection with Tedlar Bag 
 

1) Follow Section 8.1, to evacuate the volume of the sampling train. If PID/FID readings were 
taken prior to taking a sample, additional evacuation is not necessary. 

2) Use the vacuum box and sampling train (Figure 1) to collect the sample. The sampling train 
must be designed to minimize the introduction or loss of contaminants due to adsorption and 
other factors. All parts used are either Teflon or stainless steel, and a vacuum is drawn 
indirectly to avoid contamination from sample pumps. 

3) Place the Tedlar bag inside the vacuum box, attach it to the sampling port and open the 
valve. The sample probe is attached to the sampling port via Teflon tubing and a "Quick 
Connect" fitting. 

4) Draw a vacuum around the outside of the bag, using a pump connected to the vacuum box 
evacuation port, via Tygon tubing and a "Quick Connect" fitting. The negative pressure 
inside the box causes the bag to inflate, drawing the sample into the bag. 

5) Break the vacuum by removing the Tygon line from the pump. Remove the bagged sample 
from the box and close the valve. Record the date, time, sample location identification, and 
the PID instrument reading (if used) on the sample bag’s label, and on the appropriate data 
sheet or in the site logbook(s).  Bags should not be labeled directly with a marker or pen 
(particularly those containing volatile solvents) or should adhesive labels be affixed directly 
to the bags. Inks and adhesive may diffuse through the bag material and contaminate the 
sample. Labels should be tied to the metal eyelets provided on the bags.  

6) Complete chain of custody records. 
 
This sampling approach (Tedlar bag sampling) is straightforward and relatively easy.  However, 
there are several things to be aware of when sampling.   

1) The seals of the vacuum box must be air tight in order for the sample collection system to 
work. 

2) Check the O-ring gasket to see if it is in place with the proper fit. O-rings that have been 
stretched out will not remain in place, thus requiring constant realignment. 

3) Check that all the fittings associated with the vacuum joints are securely in place. The 
fittings can be pushed loose when inserting the valve stem into the Teflon tubing. 

4) Occasionally, a corner of the Tedlar bag will stick out between the two halves of the vacuum 
box causing a poor seal.  

5) Since the Tedlar bags will only hold a finite volume (e.g. - liter Tedlar bag), over-inflation 
will burst the bag. 
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9.3 Sample Collection with SUMMA Canister 
 

1) Follow Section 8.1, to evacuate the volume of the sampling train. If PID/FID readings were 
taken prior to taking a sample, additional evacuation is not necessary. 

2) Attach a certified clean, evacuated 6-L SUMMA canister via the ¼" Teflon tubing. 
3) Open the valve on the SUMMA canister. The vapor sample is drawn into the canister by 

pressure equilibration.  
4) Record the date, time, sample location identification, and the PID instrument reading (if 

used) on the sample label (use ball point pen only), and on the appropriate data sheet or in 
the site logbook(s).  

5) Complete chain of custody records. 
 
9.4 Remediation System Sampling 
 
The sampling procedure to be used for a remediation system depends upon the sampling point.  
 

1) If the sampling point is under vacuum (such as a sampling port at the well head on an SVE 
system); follow the sample collection procedure defined in Sections 8.2 or 8.3. 

2) If the sampling point is under pressure (such as the discharge side of a blower for a SVE 
system); use the following procedure: 

a) Attach a piece of Teflon tubing to the sampling port. 
b) Open the valve on the sampling port. 
c) Flush the tubing in the line for an appropriate number of volumes. 
d) Connect Tedlar bag (or SUMMA canister) to the Teflon tubing and fill via the line 

pressure. 
e) Remove sample from the tubing. Record the date, time, sample location identification, 

and the PID instrument reading (if used) on the sample bag’s label, and on the 
appropriate data sheet or in the site logbook(s).  Bags should not be labeled directly with 
a marker or pen (particularly those containing volatile solvents) nor should adhesive 
labels be affixed directly to the bags. Inks and adhesive may diffuse through the bag 
material and contaminate the sample. Labels should be tied to the metal eyelets provided 
on the bags.  

f) Complete chain of custody records. 
 
9.5 Field Measurement of Organic Vapor Levels with PID 
 
The manufacturers' manual must be consulted for the correct use and calibration of all instruments. 
Pumps should be calibrated prior to use in the field. 
 

1) Collect a sample following the procedures defined in Sections 8.2 or 8.4.   
2) Connect the PID probe to the sample container using a section of Teflon tubing  
3) Use the PID to read the organic vapor level present in the sample. 
4) Record the date, time, sample location identification, and the PID instrument reading on the 

appropriate data sheet or in the site logbook(s). 
5) Repeat the sample collection and PID reading from the same sampling point to verify 

repeatability (the same Tedlar bag may be reused on this same sampling point for this repeat 
sampling). 

6) Retest the instrument calibration after 4 hours of operation and at the end of day. 
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Readings may be above or below the range set on the field instrument. The range may be reset, or 
the response recorded as a greater than or less than the response range.  
 
10.0  CALCULATIONS 
 
10.1 Field Screening Instruments 
 
Instrument readings are usually read directly from the meter. For example, PID readings are 
expressed in units of parts per million (ppmv) or part per billion (ppbv) depending on the PID unit.  
In some cases, it may be appropriate to subtract the background reading from the sample reading. 
 
10.2  Correction Factors 
 
A PID instrument will (typically) be calibrated to isobutylene as a calibration gas.  Therefore a 
correction factor must be used when converting the PID response to the actual VOC concentration 
present in the sample.  Using a PID, the instrument responds to the total organic vapors present in 
sample and conversion to a specific VOC concentration may be made when a specific compound 
present is known (based on prior sampling or other site operational knowledge).  Typical PID 
correction factors for several for the common VOCs encountered are shown in Table 1.  See 
reference Technical Note TN-106 from Rae Systems which presents a list of chemical compounds 
and their PID response correction factors (from conversion from isobutylene calibrated response to 
VOC concentration). 

 
Table 1  Ionization Potential and Correction Factors for Common Compounds 

Compound Ionization 
Potential 

(eV) 

Correction factor for 
response relative to 

isobutylene calibration 
(for 10.6 v lamp) 

Acetone 9.71 1.1 
Methyl ethyl ketone 9.51 0.5 
Benzene 9.25 0.53 
Ethylbenzene 8.77 0.52 
Toluene 8.82 0.50 
o-Xylene 8.56 0.59 
Tetrachloroethene 9.32 0.57 
Trichloroethene 9.47 0.54 
Vinyl chloride 9.99 2.0 
cis 1-2 dichloroethene 9.66 0.8 
   
Isobutylene 9.24 1.0 

 
10.3 Unit Conversions  
 
Two common units are used to express vapor phase concentrations:  

 mass per unit volume basis (e.g., ug/m3 and ug/L);   and  
 volume/volume basis (ppbv, ppmv).  

 
Field instrument readings (read directly from the meter) are typically on a volume/volume basis.  
Laboratory results may be presented in either units (or both). 
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The conversion between units is as follows: 
 
1 ug/m3   =  [(273.3+T)*0.082/MW]  ppbv 
 
Where T is temperature in degrees C and MW is molecular weight. 
 
11.0  QUALITY ASSURANCE/QUALITY CONTROL 
 
11.1 Sample Probe Contamination 
 
Sample probe contamination is checked between each sample by drawing ambient air through the 
probe using a vacuum pump (e.g., Gilian pump) and checking the response of the PID. If readings 
are higher than background, replacement or decontamination is necessary.  Sample probes may be 
decontaminated simply by drawing ambient air through the probe until the PID reading is at 
background. Contamination can also be removed by decontaminating with methanol and deionized 
water, then air drying. For persistent contamination, use of a portable propane torch may be needed. 
Using a pair of pliers to hold the probe, run the torch up and down the length of the sample probe 
for approximately one to two minutes. Having multiple probes per sample team will reduce lag 
times between sample stations while probes are decontaminated. 
 
11.2 Sample Train Contamination 
 
The Teflon line forming the sample train from the probe to the Tedlar bag should be changed on a 
daily basis. If visible contamination (soil or water) is drawn into the sampling train, it must be 
changed immediately.  When sampling in highly contaminated areas, the sampling train should be 
purged with ambient air, via a vacuum pump (e.g, Gilian pump), for approximately 30 seconds 
between each sample.  After purging, the sampling train can be checked using a PID, or other 
field monitoring device, to establish the cleanliness of the Teflon line. 
 
11.3 PID Calibration and Testing 
 

1) All instrumentation must be operated in accordance with operating instructions as supplied 
by the manufacturer, unless otherwise specified in the work plan. 

2) Equipment checkout and calibration activities must occur prior to sampling/operation, they 
must be documented. 

3) All data must be documented on field data sheets and/or within site logbooks. 
 
11.4 Trip Blanks, Field Blanks, Duplicates, Lot Blanks 
 
The project QA plan needs to define the appropriate level of trip blanks, field blanks, duplicates, 
and lot blanks to meet the sampling objectives.  Typical examples that should be considered in the 
QA plan development include; 

 A trip blank or field blank to detect any sample contamination during shipping and storage.   
 A trip standard used to determine any changes in concentrations of the target compounds 

during the course of the sampling day (e.g., migration through the sample bag, sample 
degradation, or adsorption to the bag’s surface). 

 A lot test sample from each lot of Tedlar bags to be used for sampling and checked for 
possible contamination (filled with ultra-zero grade air) and analyzed. 
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 A lot test of cleaned SUMMA canisters used for a GC/MS certification check.  If the 
canister passes certification, it is re-evacuated and all canisters from that lot are available for 
sampling. If the chosen canister is contaminated, the entire lot of SUMMA canisters must be 
re-cleaned, and a single canister re-analyzed by GC/MS for certification. 

 
12.0 DATA VALIDATION 
 
If the same profile or pattern of VOCs found in the samples is observed in the blanks, the collection 
method and storage procedures must be evaluated. Depending on the levels observed, the data may 
be qualified as estimated or not usable (not valid). 
 
13.0 REFERENCES 
 
Gilian Instrument Corp. 1983. Instruction Manual for Hi Flow Sampler: HFS113, HFS 113 T, HFS 
113U HFS 113 UT. 
 
International Air Transport Association Dangerous Goods Regulations 
 
New Jersey Department of Environmental Protection. 1992. Field Sampling Procedures Manual. 
 
Rae Systems, Parts per Billion VOC Monitor PGM-7240 Operation and Maintenance Manual 
 
Rae Systems, Technical Note TN-106, PID Correction Factors, Ionization Energies, and Calibration 
Characteristics 
 
U.S. Environmental Protection Agency. 1984. Characterization of Hazardous Waste Sites - A 
Methods Manual: Volume II. Available Sampling Methods. 2nd ed. EPA-600/4-84-076. 
 
U.S. Environmental Protection Agency. 1995. Superfund Program Representative Sampling 
Guidance. Volume 2: Air (Short-Term Monitoring). EPA 540-R-95/140.  
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WELL CONSTRUCTION AND DEVELOPMENT 
CALIBRE STANDARD OPERATING PROCEDURES 

 
1.0 POLICY 
 
It is the policy of CALIBRE that any individual engaging in well construction and development at 
job sites will abide by the procedures outlined in this document.  These procedures are designed to 
meet or exceed guidelines set forth by the Washington Administrative Code (WAC 173-160) or 
other state agency for monitoring well construction and development.  
 
2.0 PURPOSE 
 
This Standard Operating Procedure (SOP) provides instructions that are to be followed in 
construction and development of wells. 
 
3.0 WELL CONSTRUCTION MATERIALS 
 
The following materials will be used in the construction of groundwater monitoring wells, soil 
vapor extraction wells, enhanced reductive dechlorination injection wells, and dual phase extraction 
wells. 
 

• 2, 4, or 6-inch I.D. schedule 40 PVC flush threaded blank casing 
• 2, 4, or 6-inch I.D. schedule 40 PVC slotted casing (screen) of appropriate slot size 
• 2, 4, or 6-inch I.D. schedule 40 PVC threaded and slip caps 
• Stainless steel well centralizers 
• Mild steel protective casing of appropriate diameter 
• Locking standpipe cap 
• Traffic-rated watertight flush mount well housing enclosure 
• Steel bollards 
• Locking compression plugs or seals 
• Shale trap 
• Combination or key lock 
• Filter pack sand 
• Type I or II Portland cement 
• Concrete 
• Bentonite powder, pellets, or chips 

 
4.0 WELL DEVELOPMENT EQUIPMENT  
 
The following materials and equipment are needed for development of wells: 
 

• 2, 4, or 6-inch surge block 
• Appropriate high volume pump (centrifugal, submersible, etc.) 
• DOT approved 55-gallon drums 
• Teflon, PVC, or stainless steel bailer with cord or cable 

 
5.0 WELL CONSTRUCTION PROCEDURES 
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The following steps describe the typical procedure for construction of a groundwater well: 
 

1) All wells are to be constructed in accordance with the regulations of the state in which they 
are constructed and with ASTM Procedure D-5092. 

 
2) A monitoring well consists of a PVC Schedule 40 well casing, slotted screen, threaded or 

slip bottom cap, and compression plug.  Following completion of the boring, install the 
monitoring well through the center of the hollow stem auger, drive casing, or open boring.  
The casing string must be centered in the borehole and held in tension during installation.  
Other types of wells are similar with additional components as shown on the design 
diagrams. 

 
3) Place clean, well graded silica sand around the well screen to serve as the filter pack.  The 

grade of the sand is chosen on the basis of the aquifer units encountered.  The filter pack is 
emplaced as the auger or temporary casing is withdrawn from the boring.  Caution must be 
taken to prevent the sand from bridging when it is being emplaced.  The filter pack must 
extend a little above the top of the screen. 

 
4) Place a 2-foot to 3-foot thick pellet or chipped bentonite seal above the sand pack as the 

auger or casing is withdrawn.  Bentonite seals should not be placed in the vadose zone as 
they will desiccate, losing their ability to seal.  If the screen extends into the vadose zone, 
use a tremie pipe to slurry in Portland cement for the seal. 

 
5) Fill the remainder of the annulus between the well casing and the borehole with 

cement/bentonite grout (approximately 5% bentonite) or a high-solids bentonite slurry (11 – 
13 pounds per gallon) to the approximate depth of frost penetration, or no higher than one 
foot below ground surface.  If the water level is higher than the seal, use a tremie pipe to 
place the grout.  At depths greater than 15 feet, use of a tremie pipe is advisable. 

 
6) Install either a threaded cap or a locking watertight compression seal on the monitoring well.   
 
7) Place a protective steel casing with locking cap over the well casing set in concrete to a 

depth approximately equal to frost penetration or at least two feet below ground surface.  In 
traffic areas, place a traffic-rated flush mount enclosure over the well set in concrete.  The 
top of the flush mount should be approximately one inch above grade to prevent runoff from 
entering the well.  A concrete apron should be constructed to grade down to the existing 
asphalt or concrete surface. 

 
8) For above ground completions, ensure that the well casing extends two to three feet above 

ground and is surrounded by traffic bollards set three feet deep in concrete. 
 

6.0 WELL DEVELOPMENT PROCEDURES 
 
The following steps describe the typical procedure for construction of a groundwater well: 
 

1) Prior to development, measure the depth in each well to static water level and total casing 
depth to a mark on the top of the well casing.  Well development should not commence until 
24 hours after completion of well construction to allow for grout and concrete to cure. 
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2) Each well development cycle consists of surging and pumping.  Surging should consist of a 
minimum of ten surges with an appropriately sized surge block over the full length of the 
screen.  In the case where the screen extends to above the water table, water may have to be 
added to the well to develop the top of the filter pack. 

 
3) After surging, water is pumped out of the well until the pumped stream starts to clear.  At 

that point, stop pumping and initiate another surge cycle.  When the pumped water clears 
substantially in less than a minute, the well may be deemed to be developed.  Perform a 
minimum of three surge and pump cycles. 

 
4) Surging should not be performed on wells completed in fine-grained materials due to the 

potential for formation erosion. 
 
5) During development of each well and at the completion of development, record the 

following field parameters and observations: 
 

• Depth to water 
• Development time and volume 
• Development flow rate 
• Other observations (color, odors, sheen) 

 
7.0 WELL CONSTRUCTION AND DEVELOPMENT WASTE 
 
Place all drill cuttings and development water in appropriately labeled DOT approved drums for 
characterization and proper disposal by client.   
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Abbreviations and Acronyms 

Acronym/Abbreviation Definition 

ACGIH American Conference of Governmental Industrial Hygienists 

AOC  Area of Concern 

APR Air-Purifying Respirator 

bgs  Below ground surface 

CFR  Code of Federal Regulations 

DCE Dichloroethene 

Ecology Washington State Department of Ecology 

FID Organic Vapor Analyzer 

HASP Health and Safety Plan 

HAZWOPER Hazardous Waste Operations and Emergency Response 

HSO Health and Safety Officer 

IDLH Immediately dangerous to life and health 

MTCA Model Toxics Control Act 

MSDS Material Safety Data Sheet 

MUL Maximum use level  

NIOSH National Institute for Occupational Safety and Health 

PCE Tetrachloroethene 

PEL Permissible exposure limit 

PID Photo Ionization Detector 

PM Project Manager 

PPE Personal protective equipment 

PVC Polyvinyl chloride 

QAPP Quality Assurance Project Plan 

OSHA Occupational Safety and Health Administration 

SAP Sampling and Analysis Plan 

SCBA Self-contained breathing apparatus 

SSO Site Safety Officer 

SVOC  Semivolatile organic compound 
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Acronym/Abbreviation Definition 

TBD To Be Determined 

TCE Trichloroethene 

TCLP Toxic Characteristic Leaching Procedure 

TLV Threshold Limit Value 

USEPA  U.S. Environmental Protection Agency 

VC Vinyl chloride 

VOC  Volatile organic compound 

WAC  Washington Administrative Code 

 



 
CALIBRE Systems   Boeing Plant 2
 

F:\projects\Boeing - Plant 2\JOB CMI Tech Work\TASK 
Interim Measures\2-10s\2-10 IM Oct 
2009\Appendices\Apx C HASP\2-10 IM App C HASP 
093009.doc 

AGENCY REVIEW DRAFT 
10/09/2009 

Page C-1 North and South Sheetpiles
in the 2-10 Building 

IM Work Plan
Appendix C

 

1.0 Health and Safety Plan 

1.1 INTRODUCTION AND OBJECTIVES  

CALIBRE and Floyd|Snider have developed this Health and Safety Plan (HASP) defining the 
requirements to allow employees to safely conduct investigation activities, groundwater 
monitoring, and installing and operating groundwater remediation systems at the Boeing Plant 
2, 2-10 Sheetpile site in Seattle, Washington (Figure 1.1). This plan has been prepared in 
accordance with CALIBRE’s Corporate Health and Safety Program Plan (CALIBRE 2006) and 
Floyd|Snider’s Corporate Health and Safety Program. 

The Boeing Plant 2 (Plant 2) 2-10 North and South (N/S) Sheetpile site consists of a 
groundwater plume containing primarily the volatile organic compounds (VOCs) trichloroethene 
(TCE), cis-1,2-dichloroethene (cis-1,2-DCE), trans-1,2-dichloroethene (trans-1,2-DCE), and 
vinyl chloride (VC). The VOC plume is predominantly contained within the two sheetpile 
enclosures. The Duwamish Waterway is located approximately 165 feet southwest of the 
Boeing Plant 2, 2-10 Sheetpile areas.  

The protection of employees, subcontractors, and the public is the first concern during activities 
at contaminated sites. Health and safety concerns that require evaluation and mitigation at the 
2-10 N/S Sheetpile area site include well drilling and construction, direct-push borings and 
sampling, operation of remedial systems, groundwater monitoring, site security, toxic, 
flammable and/or oxygen deficient atmospheres; electrical hazards; compressed gases; noise; 
traffic and heavy equipment operation; and other physical hazards. 

1.2 HEALTH AND SAFETY ORGANIZATION AND KEY PERSONNEL  

The IM Project Manager (PM) and Site Manager (SM), Mr. Tom McKeon of CALIBRE, will 
assign a field operations manager for each task. The field operations manager will be 
responsible for ensuring full implementation of the appropriate requirements of this plan. The 
field operations manager will also assign one qualified staff member as the site safety officer 
(SSO) for the duration of each project task involving field work on-site. The SSO will have 
responsibility for day-to-day implementation of the safety program at that site. The corporate 
safety manager will provide technical assistance to the PM and SSO to comply with the health 
and safety requirements of this plan.  

In the event that unexpected conditions that pose health and safety concerns are encountered 
during field operations, the SSO will suspend work until appropriate modifications to the safety 
plan are prepared. The SSO will immediately notify the installation PM in the event of such a 
work suspension. If the SSO and the IM PM do not concur on either the need for the work 
suspension or the apparent required modification(s) to the safety plan, the SSO and the IM PM 
will immediately contact the corporate safety manager for resolution of the issue. 
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Subcontractors will be responsible for implementing their own safety program and providing 
their own protective equipment in accordance with the requirements of this plan and their own 
corporate health and safety program. 

1.3 HAZARD ASSESSMENT  

The procedures for investigative activities, including soil and groundwater sampling, direct-push 
sampling, well drilling and installation, and installing and operating various remediation systems 
are presented in the Standard Operating Procedures (SOPs) as an attachment to Appendix B, 
QAPP.  

General safety concerns and apparent hazards associated with each field task are discussed in 
the following sections. Note that this procedural discussion presumes that contaminant source 
control (e.g., tank removal, free product recovery, etc.) already has been successfully 
implemented prior to on-site field work. 

1.3.1 Slip, Trip, and Fall Hazards  

Slipping, tripping, and falling in the field are common causes of injuries to personnel. These 
hazards can be minimized by awareness and alertness on the part of employees. All personnel 
should wear proper footwear (e.g., leather or rubber work boots with traction soles) to minimize 
slipping. The PM and SSO must ensure that employees follow good housekeeping practices to 
prevent development of these hazards. During site preparation, trip and fall hazards should be 
removed, or, in the case of unmovable objects (e.g., surface pipelines, etc.), the hazards should 
be clearly marked and identified. 

1.3.2 Weather Related/Heat Stress Hazards  

Common sense must prevail when assessing weather conditions. In conditions of extreme heat, 
the SSO must ensure that all personnel drink adequate quantities of liquids (e.g., 1 to 2 gallons 
of water per person per day) and adjust the work schedule to prevent heat stress. An area near 
the site will be used as a shaded cool-down location for breaks. Whenever impervious clothing 
is in use, the threat of heat stress among field staff increases dramatically. Workers can suffer 
heat stress in relatively low temperatures when wearing impervious clothing. All staff must be 
alert for the signs of heat stress in themselves and other staff. Personnel working in 
impermeable protective clothing are to be monitored whenever ambient temperatures exceed 
70 degrees F. A thermometer with disposable covers will be included in the Site first aid kit. 
Personnel whose oral temperatures exceed 100.4 degrees F will discontinue working until their 
temperatures return to a normal range of approximately 96.8 degrees F to 100.4 degrees F. 

If winter conditions create potential hazards due to inclement cold weather, site personnel will 
bring rain suits to the Site and wear adequately layered/insulated clothing for protection. If cold 
conditions warrant it, personnel will be instructed to seek warm shelter from the weather (either 
in a heated car or in a building). 
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If dangerous adverse weather conditions such as electrical storms, high winds, or heavy rain 
create conditions which make field activities unsafe, the SSO will terminate field work until 
conditions improve. 

1.3.3 Chemical Exposure Hazards 

The primary chemical hazards expected to be present at the Site are VOCs (refer to Section 9.0 
for specific compounds, concentrations, and action levels). In addition to the VOCs in 
groundwater that are the focus of Site investigations and remedial actions, contaminants may 
include metals, or VOCs in soils, metals dissolved in surface or groundwater, free volatiles in 
the atmosphere, reactive chemicals in drums and tanks, etc. Potential chemical hazards 
experienced by field personnel fall into three major categories: process chemicals, waste 
chemicals, and naturally-occurring chemicals. Personnel involved in field operations may 
encounter any or all of these types of chemicals simultaneously. Field personnel should be able 
to recognize potential chemical hazard conditions and take appropriate precautions. These 
precautions include respiratory protection, dermal protection, and control of equipment 
contamination. This discussion is not intended to be a detailed statement of chemical hazard 
protection, but rather a presentation of the types of situations where chemical hazards may be 
encountered. Field personnel should not work in potential chemical hazard areas unless they 
are fully trained in evaluating chemical hazards and taking appropriate protective measures, and 
are adequately equipped with personal protective equipment. 

All field personnel must have a working knowledge of the levels of hazard associated with 
various concentrations of chemicals to which exposure is possible. These benchmark 
concentrations include: 

 Immediately Dangerous to Life and Health (IDLH)—Exposure of unprotected workers 
to IDLH concentrations will result in death or serious, permanent, injury. 

 Permissible Exposure Limit (PEL) and Threshold Limit Value (TLV)—In general, 
PELs and TLVs are time-weighted average concentrations to which a worker may be 
exposed for 8 hours per day, 40 hours per week, and experience no detrimental 
health effects (published by the National Institute for Occupational Safety and Health 
(NIOSH) and the American Conference of Governmental Industrial Hygienists 
(ACGIH), respectively). 

 Action Level—the concentration of COCs, that, when encountered, results in a 
specified, pre-determined response from field personnel. Such a response may 
include donning air-purifying respirators (APRs), exchanging APR for self-contained 
breathing apparatus (SCBA), or evacuation of the area. Action levels and appropriate 
responses are specified in Section 8.5.2 of this plan. 

 Maximum Use Level (MUL)—the maximum concentration of a specific chemical for 
which a specific respiratory protection device will provide adequate worker 
protection. 



 
CALIBRE Systems   Boeing Plant 2
 

F:\projects\Boeing - Plant 2\JOB CMI Tech Work\TASK 
Interim Measures\2-10s\2-10 IM Oct 
2009\Appendices\Apx C HASP\2-10 IM App C HASP 
093009.doc 

AGENCY REVIEW DRAFT 
10/09/2009 

Page C-4 North and South Sheetpiles
in the 2-10 Building 

IM Work Plan
Appendix C

 

For specific chemical products used during sampling and system operations (e.g., sample 
preservatives, acids), personnel must obtain and review the appropriate material safety data 
sheets (MSDS) for those products.  

1.3.4 Site Preparation Hazards  

Hazards associated with site preparation activities are primarily physical hazards. A summary of 
common site preparation hazards for installation of remedial systems, well drilling, groundwater 
monitoring, and direct-push sampling are summarized in the table below. 

1.3.5 Well Construction and Direct-Push Hazards 

Well drilling, construction, and direct-push borings will be performed by a drilling subcontractor 
licensed to perform such work in the State of Washington. Hazards common to well drilling and 
construction and direct-push sampling can be found in the Hazards Summary Chart, below. 
Drilling and boring operations will require area controls in the vicinity of the drill rig to keep non-
essential personnel at a safe distance (traffic cones and flagging). 

Hazards Summary 

Hazard Description 

Site Preparation Hazards Electrical and telephone utility installation 

Placement of temporary project support facilities 

Well Construction and Direct-
Push Hazards 

Overhead hazards from drill rig 

Mechanical hazards of drilling and excavation 

Slope/cave-in hazards of excavation 

VOC exposure hazards when drilling or sampling (vapor, 
soil, or water) 

Underground and overhead utilities 

Facility Installation Hazards Mobilization/setup of the mechanical systems trailer 

Pressure and vacuum hazards of air and vacuum lines 

Electrical hazards 
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Hazard Description 

System Operation Hazards VOCs in off-gas 

Pressure and vacuum in air supply lines 

High voltage in controls system 

High pressure gas bottles 

Chemical Exposure Hazards Acid used as pH control in sample preservation and/or 
injected into wells 

VOCs in water, soil, and air 

Other nutrients added to injection system (e.g., sucrose, 
lactate, baking soda, other) 

Slip, Trip, and Fall Hazards Slippery surfaces 

Surface pipes/hoses as tripping hazards 

Falling from ladders, steps or elevated platforms 

Weather Related/Heat Stress 
Hazards 

Dehydration due to loss of fluids 

Elevated body temperature due to work in hot conditions 

Working in impermeable clothing 

Hypothermia from exposure in cold conditions 

Dangerous weather conditions (electrical storms, ice) 

 

1.3.6 Remedial System Installation Hazards  

Installation of above-ground facilities for a remedial system, such as an in-well stripping system, 
involves the placement of blowers and air stream treatment systems and assembly of air supply 
distribution lines and vacuum lines between the well(s) and the blowers and treatment system. 
This activity will require placing and leveling of an equipment trailer for motors, blowers, and 
controls. Air and vacuum lines from the wells to the trailer will be placed at the ground surface. 
Electrical connections completed between the equipment trailer and the utility line must be 
made by a licensed electrician. Additional electrical wiring may be required to connect system 
monitoring devices in the wells. Facility installation hazards are listed in the above table. 

1.3.7 Remedial System Start-up, Operation, and Maintenance Hazards  

System start-up will involve testing the operation of mechanical systems and testing all air and 
vacuum distribution lines for tightness and function. When all of the mechanical systems are 
confirmed to be operational, the final connections will be made at the well head and the system 
will be started. The system will be monitored regularly during the initial startup period. During 
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this time the operators will observe the function of all systems and confirm proper system 
operation. 

Operation and maintenance of the system will include routine service of the blower system per 
the manufacturer's recommendations. The air stream treatment system will require routine 
service and maintenance based on the type of treatment installed (e.g., granular activated 
carbon). During operation and maintenance activities, personnel must be aware that the air 
stream and treatment system (particularly sorptive systems, such as granular activated carbon) 
may contain relatively high concentrations of the COCs (e.g., VOCs such as TCE, DCE, VC, 
and others). These compounds are toxic and precautions will be necessary to minimize 
employee exposures to them. Change-out of carbon sorption systems will require the use of a 
forklift or other heavy equipment. Maintenance of a well may require a drill rig or pump service 
rig for removal of the down-hole devices.  

The process equipment trailer, while not technically a confined space, must be allowed to 
ventilate prior to entry. The contaminant concentration in the air stream from the vapor 
extraction well(s) may be greater than exposure limits. Because of the potential for piping or 
other air conveyance system in the trailer to develop a leak, the air in the trailer will be allowed 
to ventilate prior to entry. Any potential confined space entry requires a confined space permit 
that will be developed on a site-specific basis prior to the entry. 
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2.0 Procedures and Practices to Limit Exposure Potential 

The following procedures and practices should be used for all field activities at the Site, 
including drilling, well construction, direct-push sampling, groundwater monitoring, and other 
field activities as appropriate. 

2.1 ENGINEERING CONTROLS  

The installation project manager and SSO will evaluate the need for engineered controls to 
reduce exposures to airborne contaminants before initiating upgraded respiratory protection 
programs. Engineered controls can be as simple as setting up a drill rig or conducting soil or 
groundwater sampling so that personnel are working on the upwind side. Alternative engineered 
controls include the use of enhanced ventilation at a work site (e.g., the use of electric fans) to 
reduce contaminant concentration by dilution, where appropriate. Enhanced ventilation is 
particularly useful around drill rigs and bore holes. Shielding may be used in some instances to 
protect workers from contaminants. Shielding can work by physically deflecting a flow of 
contaminants away from workers, or, as in the case of ionizing radiation, the shielding can 
physically reduce the amount of radiation reaching the workers. Exposures can also be reduced 
by drumming, or otherwise containerizing contaminated drill cuttings or other materials. 

When drilling in areas of known or suspected high levels of subsurface contamination, the SSO 
will ensure that the drillers have sufficient bentonite plug material available to securely plug the 
bore hole in the event of a discharge of high levels of volatiles or other air borne contaminants. 

2.2 CONTAMINATION AVOIDANCE  

Most casual chemical exposures can be prevented by individual employees through 
contamination avoidance. The following practices will minimize the potential for casual 
exposure: 

1. No unauthorized personnel will be allowed to enter areas of known or suspected 
environmental contamination.  

2. All personnel will practice good personal hygiene during field operations. This 
includes washing face and hands after leaving any work area and before eating. 
Dirty and potentially contaminated work clothing will be decontaminated at the site 
and cleaned before re-use. 

3. No personnel will be allowed to eat, chew gum or tobacco, or smoke in any area of 
known or suspected contamination. 

4. All personnel and equipment will be decontaminated when leaving any area of 
known or suspected contamination. 
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2.3 PERSONAL PROTECTIVE EQUIPMENT  

All personnel will use appropriate personal protective equipment (PPE) to prevent injury and 
chemical exposure when working in areas of known or suspected contamination. Although a 
wide variety of PPE is available from many manufacturers, experience has shown that 
maintaining a specific inventory of versatile equipment will enhance employee safety. The 
following equipment will be available on-site for use when appropriate: 

 Approved hard hat 

 Safety glasses (with side shields) or goggles 

 Approved hearing protection (e.g., muffs or ear plugs) 

 Neoprene, nitrile/latex, and/or leather gloves 

 Steel toe work boots  

 High visibility coveralls, jacket, or vest 

 Impermeable coveralls (e.g., Tyvek or Saranex) 

The selection of PPE requirements will depend on the task and chemical hazards present (refer 
to Section 9.0 for action levels). This equipment may include both enhanced dermal protection 
and respiratory protection. 

2.3.1 Dermal Protection 

Dermal protection (i.e., protection of the skin) will be provided by using appropriate protective 
clothing. General site construction work will be performed wearing work boots and leather 
gloves. This level of PPE is appropriate where no splash hazards exist and potential exposures 
are limited to concentrations of chemicals below established exposure limits. 

When working with highly-contaminated soils or water, personnel will wear impermeable 
coveralls, impermeable gloves (neoprene or nitrile/latex), and impermeable footwear. The 
garment joints at wrist and ankle will be sealed to the gloves and footwear with tape. For work 
with most soils and dilute aqueous solutions, the recommended garment is Saranex-coated 
Tyvek. This material is available in a wide variety of sizes and configurations. Recommended 
gloves are inner gloves of thin nitrile or latex rubber, with outer gloves of neoprene rubber. 
These materials are appropriate for most contaminated soils and dilute aqueous solutions. 
Required footwear is steel-toed boots made of either neoprene rubber or polyvinyl chloride 
(PVC). Both of these materials are highly resistant to most contaminants. The PM and SSO will 
assess the compatibility of these recommended materials with site contaminants and determine 
the need for modifications in PPE requirements. 

Employees must be aware of, and alert for, the signs of heat stress that may be associated with 
the use of any impermeable garment. These garments reduce the body's natural ability to 
dissipate excess body heat and un-monitored exertion when wearing them can result in severe 
heat stress. 
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If splash hazards exist, additional splash protection may be required. This may include full-face 
shields over goggles or respirators, and the use of special chemical splash suits. 

2.3.2 Respiratory Protection 

Project staff are expected to perform most system installation work in Level D respiratory 
protection (i.e., no respiratory protection equipment required with routine air monitoring). 
Occasionally, the use of Level C protection (i.e., air purifying respirators) may be required. Field 
personnel will keep APRs at the work site for use if Level C action levels are exceeded. Level A 
or B protection (i.e., self-contained or supplied air breathing apparatus) is not expected to be 
required on this site.  

Appropriate respiratory protection will be used by employees whenever the concentration of 
airborne chemicals in the workers' breathing zone exceeds the action levels defined in Section 
4.0. Workers will keep to the upwind side of possible airborne contaminant sources whenever 
possible. A flag or ribbon will be posted at each work area to indicate the wind direction.  

When APRs are required, employees will use either MSA full-face Ultra-Twin or Advantage 
1000 respirators equipped with appropriate approved cartridges. If an employee cannot be fitted 
in either of these APRs, then they may wear another comparable respirator that provides proper 
fit. Half mask APRs will not be used unless specific site conditions pose increased hazards if 
full-face APRs are used (e.g., under some weather conditions, fogging of APR face pieces may 
occur, causing reduced visibility and increased risk of injury). Under such conditions, half-face 
APRs may be used if they provide adequate protection and can be used with face shields to 
provide full dermal coverage. All personnel using APRs must be FIT tested prior to using 
respiratory protection equipment and have clearance by a medical professional to wear a 
respirator. 

2.3.3 Area Access Controls  

Whenever specific dangerous activities are occurring as part of the planned work, access 
controls will be used to demarcate areas where only essential project personnel may enter. 
When drill rigs are operating the controlled access area will be an area around the rig with a 
radius at least as high as the mast on the drill rig (where feasible). The controlled access area 
will be marked with cones and a high visibility tape. Site personnel will also be responsible to 
notify any other workers in the immediate vicinity of the controlled access area. Passage into 
and out of the controlled access area will be through a zone with appropriate decontamination 
facilities as necessary. 
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3.0 Personnel and Subcontractor Training  

All personnel assigned to field implementation of environmental restoration projects have 
completed, at a minimum, the appropriate formal training courses and maintained the 
appropriate refresher training. The Occupational Safety and Health Administration (OSHA) has 
determined that activities related to investigation and restoration activities potential and known 
hazardous waste sites (e.g., CERCLA or Superfund sites), fall under the scope of 
29 CFR 1910.120. That standard requires 40 hours of initial training of the Hazardous Waste 
Operations and Emergency Response (HAZWOPER) and 8 hours annual refresher training, 
plus three days supervised on-site training for workers. An additional 8 hours of training are 
required for supervisors. 

All subcontractor personnel will have completed the minimum training in compliance with 
29 CFR 1910.120, as appropriate, in addition to any requirements specified by other 
regulations, or this plan. 

Daily safety meetings, detailing specific hazards of the work to be performed and safety 
precautions and procedures for each project task, will be conducted by the SSO at the 
beginning of each shift and will be documented in writing. 

The SSO will record the credentials of all on-site personnel. In order to be qualified for duty in 
exclusion zones or any other area where there is a potential for exposure to chemical 
contaminants, the following items must be current (i.e., conducted within the last 12 months 
preceding the expected date of completion of field operations): 

 8-Hour Annual Refresher Training (if 40-hour training was received more than 
12 months prior); 

 Respirator Fit Test and medical clearance (if APR are used). 

Copies of all training and FIT testing will be presented by personnel and kept on file. 
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4.0 Site Monitoring  

Air monitoring will be an essential element of site safety for all field activities where there exists 
potential for exposure to airborne contaminants. The nature of the site contaminants (i.e., 
VOCs) indicates the need for a rigorous air monitoring program during specific phases of field 
work. Well drilling and construction, direct-push sampling, and remedial operations may be 
conducted in areas of elevated concentrations of volatile contaminants in groundwater and 
possibly soil.  

The specific air monitoring requirements that are appropriate will depend on the conditions 
encountered and the type of work to be completed. A sample checklist for activity specific 
monitoring requirements is listed in Section 8. A summary of the action levels associated with 
different monitoring parameters is presented in the chart Monitoring Equipment and Action 
Levels, below. The project manager and SSO will confirm that the appropriate required air 
monitoring instruments are identified in the safety plan and are made available and used 
properly during site operations. All air monitoring instruments will be operated in accordance 
with manufacturer's operating instructions. All monitoring instruments used during installation 
and operation activities will be intrinsically safe. 

For specific chemicals, three action levels will be defined, based on the need for enhanced 
respiratory protection. The initial action level will be 50 percent of the exposure limit measured 
in the breathing zone of the site workers. At the initial action level (also known as the Level C 
action level), the on-site personnel will take the appropriate response with enhanced personal 
protective equipment or modified work practices (e.g., engineered controls such as enhanced 
ventilation) to prevent worker exposures above the action level. The response to the initial 
action level will generally be the use of air-purifying respirators (provided that the SSO has 
determined that an appropriate, approved respirator is available). At this time, the SSO will also 
assess the need for enhanced dermal protection. 

The second action level for respiratory protection will be specified at 50 percent of the maximum 
use limit of the appropriate air-purifying respirator, measured in the site workers' breathing zone 
for a minimum period of 15 minutes. At this action level (also known as the Level B action level), 
the SSO will assess the practicality of enhancing engineered controls (e.g., ventilation) to 
reduce concentrations. This plan will be modified if supplied air or self-contained breathing 
apparatus is required for site workers. 

At any time during site operations when any action level is exceeded, the SSO will immediately 
implement additional air monitoring at the work area, or exclusion zone boundary to ensure that 
the initial, or Level D, action level is not exceeded at the boundary. If the Level D action level is 
exceeded at the boundary of the exclusion zone, the SSO will enlarge the exclusion zone 
adequately to prevent exposure of unprotected individuals. 
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Monitoring Equipment and Action Levels  

Monitoring 
Equipment Readings1 Action 

Explosimeter < 5 % Lower explosive 
limit (LEL) 

Continue with caution 

5-15 % LEL Implement mechanical control measures such as 
forced ventilation, continue with caution 

> 15 % LEL Stop work and evacuate area until readings are 
below 10 %LEL 

Oxygen (O2) 
meter 

19.5–21% O2 Continue operations 

Needle deflects upward 
then drops to zero 

Stop work and evacuate area until readings are 
approximately 20% O2 

< 19.5% O2 Stop work and evacuate area until readings are 
approximately 20% O2 

> 21% O2 Stop work and evacuate area until readings are 
approximately 20% O2 

PID < 1 ppmv Continue operations in level D PPE 

>1 and < 10 ppmv 
intermittent 

Upgrade to Level C PPE. Identify VOC type with 
colorimetric detector tube and attempt to locate 
source; monitor continuously. Resume work only if 
detector tube indicates VOC below PEL in breathing 
zone (refer to Section 9). Use engineered controls if 
necessary.  

> 10 ppmv Stop operations, evacuate area.  

Sound Level 
Meter 

 

 85 dBA Continue operations 

> 85 dBA Wear hearing protection to attenuate noise level  

 below 85 dBA 

> 120 dBA Continue operations if hearing protection attenuates 
noise levels  below 85 dBA; continue to monitor, 
implement acoustical control measures (noise 
buffers) 

Note: 
 1  All readings are greater than background and taken in the breathing/hearing zone of field personnel. 
Abbreviations: 
 dBA Decibels 
 Ppmv Parts per million by volume 

Routine air monitoring of the workers' breathing zone will be conducted every 30 minutes under 
all levels of protection. If odors or irritation of eyes or mucous membranes are noted by any 
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personnel, work will be suspended and monitoring performed immediately to ensure the proper 
level of protection. Additional monitoring will be conducted during drilling when sample cores or 
sampling devices are tripped from the boring. 
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5.0 Medical Surveillance  

Workers will be instructed to report any illness or physical discomfort to the SSO, who will 
evaluate the situation and take appropriate action. Physiological reactions to solvents 
(characterized by dizziness and nausea) are grounds to remove the affected worker from the 
work site and have the worker undergo medical surveillance and clearance by a physician. Air 
monitoring of a site will be performed and documented after air-borne exposure episodes occur, 
and respiratory protective equipment will be upgraded as necessary.  

Another potential medical hazard is heat stroke in hot weather and frostbite in cold weather. 
Workers should be aware of the symptoms of the on-set of both of these ailments. A shaded 
area and drinking water will be made available at the site during hot weather, and a heating hut 
or similar provisions should be nearby in the winter. All medical episodes will be recorded. 
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6.0 Decontamination and Disposal Procedures  

6.1 CONTAMINATION PREVENTION  

One of the most important aspects of decontamination is the prevention of contamination. Good 
contamination prevention should minimize worker exposure and help ensure valid sample 
results by precluding cross-contamination. Procedures for contamination avoidance include the 
following precautions: 

 Do not walk through areas of obvious or known contamination. 

 Do not handle or touch contaminated materials directly. 

 Make sure all personal protective equipment has no cuts or tears prior to donning. 

 Fasten all closures on suits, covering with tape, if necessary. 

 Take particular care to protect any skin injuries. 

 Stay upwind of airborne contaminants. 

 Do not carry cigarettes, gum, etc. into contaminated areas. 

 Equipment and Samples 

 Take care to limit the amount of contamination that comes in contact with heavy 
equipment and vehicles. 

 If contaminated tools are to be placed on non-contaminated equipment/vehicles for 
transport to the decontamination pad, use plastic to keep the equipment clean. 

 Bag sample containers prior to emplacement of sample material. 

The PM and SSO will specify the decontamination requirements for personnel and equipment to 
be implemented for each task. The exclusion zone and the work site in general must include an 
established support area and personnel and equipment decontamination areas. The minimum 
decontamination that will be required for all field operations will consist of Level D 
decontamination as described below. 

6.2 DECONTAMINATION  

The majority of field activities and sampling are expected to be conducted using Level D PPE. 
Decontamination for activities requiring Level D protection will consist of the following (note that 
not all of the equipment described below must be used for Level D PPE): 

 Remove gloves and dispose of gloves 

 Remove, wash, and rinse hard hat (if soiled) 

 Remove, wash, and rinse goggles 
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 Remove safety boots or shoes 

 Wash and rinse face and hands 

Although unlikely, if an upgrade to Level C is required, more extensive decontamination will also 
be required as described in the following table. 

Minimum Decontamination Measures 
for Level C Personal Protective Equipment 

Station 
Number Operation Procedure 

1 Equipment Drop Deposit equipment used on-site (tools, sampling devices and 
containers, monitoring instruments, radios, clipboards, etc.) on 
plastic drop cloths. Segregation at the drop reduces the 
probability of cross contamination. During hot weather 
operations, a cool down station may be set up within this area. 

2 Outer Garment, 
Boots, and Gloves 
Wash and Rinse 

Scrub outer boots, outer gloves, and splash suit with 
decontamination solution or detergent water. Rinse off using 
copious amounts of water. 

3 Outer Boot and 
Glove Removal 

Remove outer boots and gloves. Deposit in container with 
plastic liner. 

4 Canister or Mask 
Change 

If worker leaves exclusion zone to change canister or mask, this 
is the last step in the decontamination procedure. Worker's 
canister or mask is exchanged, new outer gloves and boot 
covers donned, joints taped, and worker returns to duty. 

5 Boot, Glove, and 
Outer Garment 
Removal 

Boots, chemical-resistant splash suit, and inner gloves are 
removed and deposited in separate containers lined with plastic. 

6 Face Piece 
Removal 

Face piece is removed. Avoid touching face piece with fingers. 
Face piece deposited on plastic sheet. 

7 Field Wash Hands and face are thoroughly washed. Shower as soon as 
possible. 

 
Personnel decontamination corridors will be established at each exclusion zone. All personnel 
will decontaminate when leaving the exclusion zone. 

Vehicle and large equipment decontamination generally requires construction of a temporary or 
permanent decontamination station. A simple containment may be built of heavy-gauge 
polyethylene sheeting over a solid base surrounded by wood blocks (such as railroad ties) to 
form a full containment area. After equipment cleaning, decontamination solutions from the pad 
will be pumped into drums at the side of the pad. Equipment and vehicle decontamination 
generally consists of pressure washing with detergent solution followed by potable water rinse. 
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6.3 DISPOSAL  

The project manager will make arrangements for proper disposal of all waste materials 
generated at the site during all field activities. It is the project policy that the disposal of any 
hazardous wastes generated during remedial actions at a client's facility is the responsibility of 
the client. Three categories of waste may be generated during an installation: 

1. Non-regulated solid waste  

2. Undesignated solid waste that may be regulated  

3. Designated regulated waste 

CALIBRE and Floyd|Snider personnel will segregate all non-regulated solid waste materials 
from regulated or potentially-regulated materials. Field personnel will maintain clearly-identified 
containers for each of the three categories of waste. The project manager will ensure that drums 
and other containers of regulated or potentially-regulated materials are clearly labeled with the 
contents. The project manager will ensure that all containers of potentially-regulated materials 
are sampled and analyzed prior to determination of the designation of the wastes as regulated 
or non-regulated. 

Non-regulated dry solid wastes will be disposed properly by packaging them in garbage bags 
and disposing of them as instructed by the facility operator (e.g., in a facility dumpster if 
available, or transporting them to the nearest solid waste disposal facility). Specific 
requirements for used and decontaminated disposable PPE (e.g., coveralls and gloves) are to 
cut the items into pieces (e.g., cut off arms and legs of coveralls and bisect the torsos, cut used 
rubber gloves in half) to prevent scavenging and re-use, bag the items, and dispose as solid 
waste. Heavily contaminated personal protective equipment may require sampling and analysis 
prior to designation. Non-regulated aqueous waste materials will be disposed to the facility 
sanitary sewer, providing the wastes meet any pre-treatment standards or other requirements. 
The project manager will confirm the requirements for discharge of aqueous materials to the 
facility sewers. 

All purge water and/or decontamination solutions will be containerized and sampled prior to 
disposal if contaminants are known or suspected to be present in the solutions. Sampling and 
analysis will be conducted to determine if the solutions contain regulated contaminants that 
would cause the solutions to be regulated as hazardous waste. Because the solutions are 
generally aqueous solutions with some suspended particulates, the most appropriate analysis 
will be the Toxic Characteristic Leaching Procedure (TCLP) with analysis of the extract for the 
site-specific contaminants of concern. 

No wastes, either regulated or non-regulated, will be disposed on-site by burial, burning, or 
discharge to any water body.  



 
CALIBRE Systems   Boeing Plant 2
 

F:\projects\Boeing - Plant 2\JOB CMI Tech Work\TASK 
Interim Measures\2-10s\2-10 IM Oct 
2009\Appendices\Apx C HASP\2-10 IM App C HASP 
093009.doc 

AGENCY REVIEW DRAFT 
10/09/2009 

Page C-22 North and South Sheetpiles
in the 2-10 Building 

IM Work Plan
Appendix C

 

This page intentionally left blank. 

 



 
CALIBRE Systems   Boeing Plant 2
 

F:\projects\Boeing - Plant 2\JOB CMI Tech Work\TASK 
Interim Measures\2-10s\2-10 IM Oct 
2009\Appendices\Apx C HASP\2-10 IM App C HASP 
093009.doc 

AGENCY REVIEW DRAFT 
10/09/2009 

Page C-23 North and South Sheetpiles
in the 2-10 Building 

IM Work Plan
Appendix C

 

7.0 Emergency Procedures and Contacts 

The following general emergency procedures are applicable to almost every activity: 

In the event of personnel exposure to hazardous materials, all work will stop immediately, and 
all personnel will assemble at the support area. Procedures for specific types of exposure are as 
follows: 

 Skin Contact—flush the area with copious quantities of cold water for at least 15 
minutes. Do not let contamination spread to other personnel. Seek medical attention. 
If injuries are severe, summon an ambulance. 

 Eye Contact—wash/rinse affected area for at least 15 minutes. An emergency eye 
wash system will be present on-site. Seek medical attention. 

 Inhalation—remove the person from further exposure. Summon an ambulance, 
contact the hospital, and be prepared to provide respiratory support if the person has 
difficulty breathing. 

 Ingestion—dilute the material with large quantities of water. Summon an ambulance 
and contact the hospital or poison control center immediately for further instructions. 

In the event of personal injury at the site, all work will stop and first aid will be rendered as 
needed. If necessary, call an ambulance using the local ambulance number listed in the 
emergency information section of the plan. 

In the event of potential or actual fire or explosion, or actual uncontrolled release of hazardous 
materials, all work will stop and all personnel will evacuate the site to the upwind direction. Call 
the local fire department and/or HazMat team and notify other personnel at the site and 
neighboring locations. If a fire is small and appears to be readily contained, personnel should 
use the on-site fire-fighting equipment (e.g., fire extinguishers, shovels, or water, as appropriate) 
to extinguish the fire. If the fire is extensive, or involves structures or vehicles, personnel will 
evacuate the site, warning the occupants of neighboring facilities, and await the arrival of fire 
department personnel. Site workers will provide fire department personnel with as much 
information regarding the fire as possible. Critical information required by the fire department 
upon arrival will include the nature, location, and type of any hazardous or flammable materials 
present and any other hazards present. 
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8.0 Site-specific Health and Safety 

8.1 SITE IDENTIFICATION AND PROJECT MANAGEMENT  

The site information is given in the chart below. 

Site Identification 

Project Number CALIBRE # MM002001 

Site Name Boeing Plant 2, 2-10 Sheetpile Site  

Site Address The Boeing Company 

7755 East Marginal Way South 

Seattle, WA 98108 

Contact Person for 
Boeing Plant 2, 2-10 N/S 
Sheetpile Site 

Jennifer Parsons 

Planned work dates: 

Start: August 2009 

Stop: 2012 

 

Project management responsibilities are given in the chart below. 

Project Management Assignments 

Personnel Position Telephone Responsibility 

Teri Floyd Floyd|Snider Oversight 
Manager 

(206)292-2078 Project Management and 
Oversight 

John Frerich CALIBRE Health and 
Safety Officer 

(425)226-6435 Task Management and 
Oversight and Corporate 
Health and Safety 

Tom McKeon CALIBRE PM and Site 
Manager 

(425)643-4634 Planning, design, and 
scheduling 

Grant Dawson The Field Supervisor 
(FS) and Field 
Engineer/Scientist (FES) 

(253)277-0739 Management of field 
operations, also including 
Health and Safety  
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8.2 SITE EMERGENCY INFORMATION FORM  

Company or Emergency Agency Action 

For Boeing Plant 2 property, 2-10 
Sheetpile Site 

(206) 655-2222  

Provide the location of the Boeing Plant 2  
2-10 Sheetpile Site: 

Building 2-10 
7755 East Marginal Way South  
Seattle, WA 98103 

Fire/Rescue/Ambulance/Police (206) 655-2222—Boeing Emergency Number 

Veterans Affairs Medical Center 
1660 S Columbian Way, Seattle 98108 

 

(206) 762 1010 
(refer to attached map) 

Directions to Hospital: 

1. Turn NORTHWEST onto East Marginal Way South,  

2. Turn RIGHT at Ellis Ave S,  

3. Continue on South Albro Place,  

4. Turn LEFT at Swift Ave South,  

5. Continue on 15th Ave South,  

6. Turn RIGHT at South Snoqualmie Street,  

7. End by taking a SHARP LEFT onto S Columbia Way.  

Distance is about 2.6 miles and takes ~8 minutes to drive. 

Utilities (800) 424-5555 

In case of emergency, also notify CALIBRE Health and Safety Officer, 

John Frerich 

(425) 226-6435 
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8.3 MEDICAL FACILITY ACCESS ROUTE MAP 
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8.4 SITE CHARACTERIZATION FORM  

8.4.1 General 

Estimated Volume: N/A, the Site is within a large groundwater plume 

Potential Hazards: Check all that apply 

 Product  Lead hazard 

 Waste X Flammable 

X Liquid  Corrosive 

 Sludge  Reactive 

X Solid X Toxic 

Other: Site groundwater contains VOCs, soil/drill cuttings are expected to contain 
VOCs 

Compounds expected include: TCE, DCE, and VC 

 

8.4.2 Utilities 

Utilities Telephone Date Cleared 
Utility Present? 

(Y/N) 

Electric Company 1-800-424-5554   

Water Company    

Gas Company    

Phone Company    

Facility Drawings Reviewed for Underground Structures/Utilities? (Y/N?)  
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8.5 PROTECTIVE EQUIPMENT 

8.5.1 Minimum Personal Protective Equipment 

The following is required on-site PPE: 

 Hard hat 

 Safety glasses/goggles 

 Steel toe/shank boots 

 Coveralls or work clothes 

 Hearing protection 

 Leather gloves 

8.5.2 Protective Equipment by Task 

Fill out this section for each task. Complete additional sheets as needed. 

Task #         

Respiratory Equipment Form 

Respiratory Protection Required? No Refer to Air Monitoring Action Levels, Section 8.5.2. 

Check all that apply:    

SCBA    

Airline    

Airline with Egress    

Air purifying respirator (FF) On-site Cartridges Organic Vapor 

Air purifying respirator (HF)  Cartridges  

Gas Mask or Powered APR for Level C  Cartridges  

 

Protective Clothing Form 

Protective Clothing Required? Yes, if there is a potential for contact with contaminants in 
air, water, or soil.  
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Protective Clothing Form 

Check all that apply: 

Heavy Splash Suit PVC  Neoprene  Other  

Medium Splash Suit PVC  Neoprene  Other  

Light Splash Suit PVC  Neoprene  Other  

Tyvek  Saranex  PE  

Gloves PVC  Neoprene  Other  

Boots PVC  Neoprene  Other  

Boot Covers PVC  Other  Other  

Face Shield     Other  

Hard Hat       

 

8.6 AIR MONITORING INSTRUMENTATION FORM AND ACTION LEVELS 

8.6.1 Air Monitoring Instrumentation Form 

Monitoring instruments must be used for all operations unless appropriate rationale or 
restrictions are provided). 

Air Monitoring Instrumentation Form 

Check all 
that apply: 

 

 Organic vapor analyzer (FID) 

 Photo ionization detector (PID) Minimum lamp energy; 10.2 eV 

 Combustible Gas Indicator (CGI) 

 Oxygen Meter 

 Detector tubes (specify): Draeger tube (or equivalent) for vinyl chloride 

 Other, specify: 

 
If monitoring instruments are not used, specify rationale or justification or activity/area 
restrictions in the space below. 
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8.6.2 Air Monitoring Action Levels 

Level Action 

If the PID or FID indicates airborne volatile 
concentrations of less than 1 ppm and/or the 
indicator tubes indicate less than 1 ppm. 

Work may proceed in Level D without 
respiratory protection. If required, use 
engineering controls (fans) to get breathing 
zone to background levels. 

If the PID or FID indicates airborne volatile 
concentrations are greater than 1 ppm but less 
than 10 ppm (and/or the indicator tubes 
indicate greater than 1 ppm vinyl chloride but 
less than 10 ppm.) 

Upgrade to Level C with organic vapor 
cartridges and identify the source with 
indicator tubes. Use engineering controls 
(fans) to get breathing zone to background 
levels. If the source is VC, work can not 
resume until less than 1 ppm is indicated in 
the breathing zone. If other VOC is the source, 
work can not resume until below the PEL for 
the detected compound (refer to Section 9.0). 

If the PID or FID indicates airborne volatile 
concentrations are greater than 10 ppm, 
and/or the indicator tubes indicate greater than 
10 ppm, STOP WORK and evacuate the area. 

If readings exceed 10 ppm in the breathing 
zone, stop operations and evacuate the area 
and notify Safety Manager. Use engineered 
controls as required.  
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9.0 Chemical Properties Data for Expected On-site Contaminants  

9.1 ANALYTICAL RESULTS OF CONTAMINANTS OF CONCERN IN GROUNDWATER 

Analytical results from several wells in the Boeing Plant 2, 2-10 Sheetpile site VOC plume are 
shown below.  

Contaminants of Concern in Groundwater (µg/L)1 

Location Level/ 
depth2 

Well ID TCE Cis-1,2 
DCE 

VC Total 
VOCs 

North Sheetpile Wells A PL2-212A 78,000 35,000 9,800 124,100

 A PL2-218A 1,300 1,100 190 2,690

 A PL2-258A 10 1,600 1,000 2,910

 B PL2-258B 1.8 490 4.3 497.9

South Sheetpile Wells A PL2-209A 10 930 100 1050

 A PL2-253A ND 320 160 483.1

 A PL2-252A ND ND 2.6 2.6

 B PL2-214B ND ND ND ND

Permissible Exposure Limit (ppm) 25 50 200 1
Notes: 

1 Data are from sampling taken in April 2001. 
2 Sampling interval depths vary by location: A Level is typically 5-20 ft bgs; B Level is typically 40-55 ft bgs. 

Abbreviations: 
 Ppm parts per million 
 ND non detect 
 TCE Trichloroethylene 
 VC Vinyl chloride 
 VOC Volatile organic compound 
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9.2 EXPECTED CONTAMINANTS CHEMICAL AND PHYSICAL PROPERTIES 

The chemical and physical properties for the expected COCs on-site are summarized as 
follows. 

SUBSTANCE:  1,2-Dichloroethene 
SYNONYMS:  1,2-DCE, Acetylene dichloride, dioform, 1,2-dichloroethylene, 

sym-dichloroethylene 
CAS NUMBER:  156-59-2 (cis); 156-60-5 (trans) 
PHYSICAL STATE @ STP: Liquid 
DOT HAZARD CLASS: Flammable Liquid 
PEL:  200 ppm 
IDLH:  1000 ppm 
ODOR THRESHOLD:  Not applicable; Odorless 
CARCINOGEN STATUS: No 
REPRODUCTIVE HAZARD: No 
FIRE HAZARD:  Flammable 

REACTIVITY: Contact between 1,2-DCE and strong oxidizers, strong alkalies, 
potassium hydroxide, or copper may cause violent reactions. 

VAPOR PRESSURE:  273 mm Hg (cis); 395 mm Hg (trans) 
SPECIFIC GRAVITY:  1.26 (cis); 1.28 (trans) 
IONIZATION POTENTIAL: 9.66 eV 
ACUTE TOXICITY:  Narcosis, drowsiness, tremor, incoordination, dizziness, and 

weakness. Nausea, vomiting, and epigastric distress. CMS 
depression. 

CHRONIC TOXICITY:  1,2-DCE is a defatting agent, and repeated skin exposure may 
cause irritation and dermatitis. Potential to cause liver, circulatory 
and nervous system damage. 

OCCURRENCE AND USES: Used as a solvent for waxes, resins, and acetylcellulose; in the 
extraction of rubber; as a refrigerant; in the manufacture of 
pharmaceuticals and artificial pearls and in the extraction of oils 
and fats from fish and meat; as a chemical intermediate for 
making chlorinated compounds. 

 
SUBSTANCE:  Trichloroethylene 
SYNONYMS:  Trichloroethene, TCE, 1,1,2-Trichloroethyelene 
CAS NUMBER:  79-01-6 
PHYSICAL STATE @ STP: Liquid 
DOT HAZARD CLASS: ORM-A 
PEL:  50 ppm  
IDLH:  1000 ppm 
ODOR THRESHOLD:  20 ppm 
CARCINOGEN STATUS: IARC-3, CAL 65 
REPRODUCTIVE HAZARD: NE 
FIRE HAZARD:  No 
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REACTIVITY:  Stable 
VAPOR PRESSURE:  50 mm Hg 
SPECIFIC GRAVITY:  1.46 
IONIZATION POTENTIAL: 9.5 eV 
ACUTE TOXICITY:  Narcosis, irritant, CNS depression, may cause cardiac 

sensitization. 
CHRONIC TOXICITY: Headache, nausea, anorexia, alcohol intolerance, cardiac 

arrhythmia, liver, kidney and brain damage. Reproductive effects 
in animals. 

OCCURRENCE AND USES: Use currently restricted. Widely used in the past as a degreaser, 
solvent, dry cleaning, paint diluent, and textile processing. 

 
SUBSTANCE:  Vinyl chloride 
SYNONYMS:  Chloroethene, chloroethylene, VC, VCM 
CAS NUMBER:  108-06-17 
PHYSICAL STATE @ STP: Liquid 
DOT HAZARD CLASS: Flammable Liquid 
PEL:  1 ppm 
IDLH:  1000 ppm 
ODOR THRESHOLD:  100 ppm 
CARCINOGEN STATUS: Carcinogenic 
REPRODUCTIVE HAZARD: NE 
FIRE HAZARD:  Flammable 
REACTIVITY:  Stable 
VAPOR PRESSURE:  3.3 atm. 
SPECIFIC GRAVITY:  1.24 
IONIZATION POTENTIAL: 9.99 eV 
ACUTE TOXICITY:  Eye, nose and throat irritation, CNS depression. 

CHRONIC TOXICITY: Liver and kidney damage, neurological effects, cardiovascular 
effects, reproductive abnormalities in some animal species. 

OCCURRENCE AND USES: Widely used in production of plastics (PVC) 
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10.0 Health and Safety Plan Verification Form  

The plan verification is an essential part of the plan and forms the basis for obligating personnel 
to comply with the safety requirements presented in the plan. 

The following personnel have read and understand this plan and will perform all field work in 
compliance with the plan and other policies of CALIBRE and Floyd|Snider: 

 

Signature Company Date  

Signature Company Date  

Signature Company Date  

Signature Company Date  

Signature Company Date  

Signature Company Date  

Signature Company Date  

Signature Company Date  
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11.0 General Health and Safety References 

The references listed below provide information regarding the technical and regulatory 
standards and guidance for systems installation and operations and other activities related to 
operations at environmentally-contaminated sites. 

ACGIH. Threshold Limit Values and Biological Exposure Indices (updated annually) (this is an 
excellent exposure reference with practical guidelines for exposure limits for many things 
which are either not addressed, or are addressed only in passing by OSHA). 

American Petroleum Institute (API). 1985. API Publication 201: Cleaning Petroleum Storage 
Tanks. 

_____. 1982. Supplement to API Publications 2015A: A Guide for Controlling the Lead Hazard 
Associated with Tank Entry and Cleaning. 

_____. 1982. Petroleum Safety Data 2202: Dismantling and Disposing of Steel from Tanks 
Which Have Contained Leaded Gasoline. 

CALIBRE Systems, Inc. 2006. Corporate Health and Safety Program Plan. 1 January. 

New York State Department of Environmental Conservation, 1983. Technology for the Storage 
of Hazardous Liquids: A State of the Art Review. January. 

National Fire Protection Association, Flammable and Combustible Liquids Code, NFPA 30. 

National Institute for Occupational Safety and Health (NIOSH)/OSHA/USCG/USEPA. 
Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities. 

NIOSH. Registry of Toxic Effects of Chemical Substances (RTECS) (this is a governmental 
publication which is an excellent repository of LD50-type data). 

NIOSH. Pocket Guide to Chemical Hazards (June 1990 Edition). 

NIOSH/OSHA/USCG/USEPA. Occupational Safety and Health Guidance Manual for Hazardous 
Waste Site Activities (this is the "four agency" book and is an excellent overview of 
hazardous waste health and safety and includes outstanding technical discussions of 
site control, decontamination, and drum handling). 

Sax and Lewis. Hawley's Condensed Chemical Dictionary (quick reference book). 

Sax and Lewis. Dangerous Properties of Industrial Materials (includes toxicological data in three 
volumes for many chemicals). 

Sax and Lewis. Rapid Guide to Hazardous Chemicals in the Workplace. 
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Title 49, CFR, Parts 171-177, Department of Transportation Hazardous Materials Regulations. 

Title 29, CFR, Part 1910.120, Hazardous Waste Operations and Emergency Response. 

Title 29, CFR, Part 1926, Construction Industry Standards. 

Verschueren. Handbook of Environmental Data on Organic Chemicals (information on odors, 
degradation in the environment, etc.). 
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